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A multi-proxy investigation of sediments examined from Catahoula Lake, 
Louisiana has provided a record of late-Holocene vegetational changes, related to both 
hydrology and climate. This study integrates data from phytoliths, pollen, stable isotopes, 
magnetic susceptibility, and core sediment analysis. A modern phytolith analog assessed 
the phytoliths production in local plants and their modern soil sample distribution within 
the established lake vegetation zones. Fifty of the 76 species produced both distinctive 
and redundant phytoliths. The modern soil sample database indicates that phytoliths 
produced from both monocotyledon and dicotlyledon plant groups prove useful in 
distinguishing between forest and grassland communities and identifying preservational 
bias in phytolith types. This analog was then used in conjunction with additional proxies, 
to interpret downcore data. 
 Three sediment cores (from 3.2 - 4.3 meters in length) were retrieved from 
Catahoula Lake. Sediment analysis, magnetic susceptibility, and stable isotopic data were 
determined. These data sets indicate alternating wet and dry periods, suggesting that both 
changes in local and regional hydrology and climate impact detrital and organic input 
into the lake. Sediment cores, CLR1 and CLR3, were radiocarbon dated and provide 
pollen and phytolith evidence for dynamic changes in lacustrine hydrology and 
vegetation during the last ~4,500 years B.P. The transition out of the Hypsithermal period 
(~4,500 to 3,700 yrs B.P.) is characterized by pollen assemblages representative of mixed 
bottomland hardwood forest and swamp forest. By 3,500 to 2,000 years B.P., pollen and 
phytolith assemblages indicate relatively stable lake conditions as evidenced by increases 
in flood-tolerant taxa and stable shoreline communities. Periods of lower, fluctuating lake 
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levels existed from 2,000 yrs B.P. to present, with pollen and phytolith assemblages 
displaying an overall increase in wetland taxa; most notably Cyperaceae and Sagittaria 
sp. and moderately flood-tolerant species (i.e. Salix sp. and Carya aquatica). In addition, 
archaeological settlement patterns documented around the lakebed are strongly associated 
with changes in lake hydrology and vegetation, with increases in grasses and herbs 
documented during periods of increased site habitation. The first documentation of Zea 
mays in the Catahoula Lake area was documented at 1,600 years B.P., indicating small-






Quaternary research on global climate change has been an important topic of 
scientific investigation over the past four decades. Lake and bog environments suitable 
for well-preserved, stratigraphically complete pollen records documenting the late 
Quaternary history of vegetation and climate change in the south-central United States 
and Louisiana, in particular, are minimal. Although many of these paleovegetational 
studies are based on scattered palynological data, they provide important documentation 
of the broad patterns of late-Quaternary vegetational and climatic changes in Louisiana 
and surrounding nearshore marine environments (Delcourt and Delcourt, 1977, 1985; 
Delcourt et al., 1980; Cronin et al., 1981; Kolb and Fredlund, 1981; Fearn, 1995; Jackson 
and Givens; 1994; Watts and Hansen, 1994). In fact, important vegetational changes 
occurred in the mid-to-late Holocene interval (~8,500 yrs B.P. to the present) of the 
Quaternary as a result of changing climate (e.g.; Bryant and Holloway, 1985; Royall et 
al., 1991).  
By ~8,500 yrs B.P. the mid-continental United States was marked by a dramatic 
expansion of prairieland vegetation and decrease in mesic forest environments. This 
event has been termed the Hypsithermal or climatic optimum and is generally 
characterized as a warm, arid period. The dates surrounding this period vary, but most 
studies have constrained the climatic event between 8,500 and 4,000 yrs B.P. During this 
time period, the palynological records in the southern United States display an overall 
change in vegetation defined by a decline of mesic markers, such as Carya (hickory), 
Liquidambar (sweet gum), and Ulmus (elm) (Watts, 1969, 1971; Nordt et al., 1994). As 
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Hypsithermal conditions ended, (~5,000-4,000 B.P.) the xeric species of oak and hickory 
that dominated the forest were replaced by a southern pine-dominated forest that is 
prevalent in the Louisiana and Gulf Coast vegetational patterns seen today (Watts, 1969; 
Delcourt and Delcourt, 1981). This shift in dominance is attributed to overall cooling, 
strengthening of the maritime tropical airmass, and an increase in effective precipitation 
(e.g.; Delcourt and Delcourt, 1984, 1993; Royall et al., 1991). 
Based on past studies, it has been inferred that the modern oak-pine-hickory 
dominated environment seen in Louisiana today has existed since ~4,000 yrs B.P. with 
minimal change in the surrounding vegetation. There have, however, been notable small-
scale climatic and geomorphic events (i.e., Little Ice Age, Medieval Warm period, flood 
events, etc.) documented throughout the United States that may have affected Louisiana 
and its’ vegetation, both regionally and locally (Stahle and Cleaveland, 1984; Poore et al., 
2004; Kidder, 2005). Detailed chronological records in Louisiana during this time period, 
however, are lacking.  
Catahoula Lake is an ideal candidate for documenting these patterns of 
vegetational change further and in understanding regional and global climate variability. 
Catahoula Lake is situated on the farthest western edge of the Lower Mississippi River 
Valley (LMV) where it lies in the Ouachita River basin (Figure 1.1). It is the largest, 
natural freshwater lake in Louisiana (~120 km
2
) and has a present-day, annually 
fluctuating hydrology, varying from 6 meters in depth to all but dry. The lake hydrology 
is highly dependent on the drainage patterns from surrounding river basins (i.e. Ouachita, 
Black, Red, Mississippi Rivers) and is directly controlled by the input of water from 
Little River and the smaller streams from the north and west of the basin. Drainage of the 
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lake occurs during high water levels through Old River, French Fork of Little River, and 
smaller bayous to the east and south of the lake. However, during periods of  
 
Figure 1.1. Location of Catahoula Lake in the Lower Mississippi Alluvial Valley. 
 
exceptionally high water levels or regional flood events, these drainage streams reverse 
and flow into the lake, causing periods of prolonged high water events. Due in part to this 
unique hydrology, the lake has three well-established, concentric vegetation zones. These 
zones are the bottomland hardwood forest, the scrub-shrub, and emergent lakebed 
environments. The vegetation communities that compose these zones are highly 
dependent on variables such as canopy openness, soil moisture, and nutrient availability. 
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Because Catahoula Lake is a highly dynamic lake, the sediments preserved in the lake 
enable the hydrological and, hence, vegetational history of the lake to be reconstructed. 
It is also important to understand the vegetational impact of human settlement 
especially in terms of land and agricultural usage. Information on the cultural history (i.e. 
artifact typologies, cultural chronology) of Louisiana has been well-documented by 
archaeologists during the 1930’s, 40’s, and 50’s (e.g., Walker, 1936; Ford and Willey, 
1940; Ford and Webb, 1956). In fact, Catahoula Lake has an abundant and diverse 
archaeological record, ranging from Paleo-Indian to historic, and provided much of the 
information used to establish this cultural history. Subsistence data, on the other hand, is 
largely unknown in the area.  
On a regional scale, Ford and Quimby (1945) speculated that agricultural 
economies began in Louisiana during the Tchfuncte period (~500 B.C.; 3,000 to 2,000 yr 
B.P.) with the reliance on wild edibles such as tubers, fruits, and nuts and domesticates of 
sumpweed and sunflower. Agricultural practices in Louisiana existed at least by the end 
of the Cole Creek period (A.D. 700; ca. 1,300-800 yr B.P.), where remains of prehistoric 
corn have been documented at a few scattered sites in southern Louisiana (Byrd and 
Neuman, 1978; Neuman, 1984; Fritz and Kidder, 1993). It is possible, however, that 
small amounts of corn agriculture, along with cultivation of sunflower, squash, gourds, 
marsh elder, maygrass, and lamb’s quarter, occurred throughout the region prior to the 
current date that is assigned to the Coles Creek period (Gibson, 1966; Jeter et al., 1989; 
Fritz and Kidder, 1993). In fact, earlier dates of corn production have been inferred based 
on pollen from surrounding sites in the southern United States, including 2,400 yr B.P. 
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from B.L. Bigbee Lake, Mississippi (Whitehead and Sheehan, 1985) and 3,500 yr B.P. 
from Lake Shelby, Alabama (Fearn and Lui, 1993). 
Today, Catahoula Lake creates an environment with a wealth of resources ranging 
from aquatic and terrestrial wildlife to abundant vegetation. These resources would have 
provided a suitable habitat for sustained living. The variability in the lake’s hydrology, 
however, impacts the predictability of land available for habitation and agriculture and 
may in part explain the fluctuating pattern of archaeological sites documented at 
Catahoula Lake through time and provide additional information on the anthropogenic 
impacts. 
 In this dissertation, I address the changes in Catahoula Lake hydrology and how 
this influences the overall vegetation history recorded in the basin during the latest 
Quaternary (~4,500 yrs B.P. to present). Chapter 2 begins with a detailed evaluation of 
phytolith production in 76 of the most abundant plants documented growing in and 
around Catahoula Lake. The main purpose of this chapter is to identify which plants do 
and do not produce phytoliths. The plants found to produce phytoliths were examined 
further, providing a detailed description of phytolith production by photo documentation 
and measurements of the most common phytolith types. In addition, plants that produced 
diagnostic types were noted. The second part of this chapter evaluates the distribution of 
phytolith morphotypes in 23 surface localities. These localities were selected to represent 
the different vegetation zones in and around Catahoula Lake. This chapter establishes a 
modern analog of phytolith production and distribution necessary for downcore phytolith 
assemblage interpretation. 
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 Chapter 3 provides an examination of lake sediment characteristics, magnetic 
susceptibility (MS), and phytolith data to reconstruct a history of lake hydrology. MS 
measurements are also used to age constrain cores further and strengthen correlations. 
Included in the chapter is a discussion on the uses and problems associated with MS 
measurements. 
 The purpose of Chapter 4 is to examine the stable carbon isotopic values recorded 
in sediments from Catahoula Lake. Stable isotopic compositions in organic matter are 
dependent on the source, which can be terrestrial or lacustrine in origin (e.g., Meyers, 
1999). Sediment source is further constrained by using MS measurements and phytolith 
assemblage data. 
 Finally, in Chapter 5, I incorporate the sediment, geochemical, MS, phytolith, and 
pollen data from the two radiocarbon-dated cores (CLR1 an CLR3) to discuss changes in 
the latest Holocene to recent vegetation record. In addition, this chapter addresses the 
interaction between vegetational changes and anthropological influence, specifically, how 
lake hydrology and vegetation changes might influence the location and density of 
archaeological sites in and around the lake throughout time. 
 Chapter 6 contains a summary and the conclusions of my research. Briefly, the 
use of multiple proxies enabled a reconstruction of hydrology and vegetation, which in 
turn, provides a history of climatic events affecting the Lower Mississippi River valley 
(LMV) and Catahoula Lake, Louisiana.  
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PHYTOLITH CLASSIFICATION AND DISTRIBUTION FOR USE IN 
INTERPRETTING DOWNCORE ASSEMBLAGES IN CATAHOULA LAKE, 




Phytoliths are microscopic siliceous particles formed when dissolved silica in 
groundwater is absorbed by the plants and precipitated between, within, or around 
controlled locations in their cells (Bozarth, 1990). Phytoliths are presumed to accumulate 
in situ, such that when plants decay or burn, their phytoliths are released and deposited 
into the soil (Piperno, 2006).  They are also primarily inorganic, with the exception of 
organic inclusions (~1-2%; Wilding et al., 1967), meaning that once they are deposited in 
the sediment they are relatively resistant to weathering (such as cycles of wetting and 
drying) unlike pollen and other organic matter (Twiss, 1987; Pearsall, 2000; Piperno, 
2006). These unique properties enable them to be especially useful for local and regional 
paleovegetation reconstruction. 
Phytoliths are produced by many taxa (especially grasses, but are also 
documented in herbaceous and arboreal plants). Even though phytolith production has 
shown to be taxonomically specific, it has also been shown to have redundancy and 
exhibit a high degree of multiplicity (Rovner, 1983; Brown, 1984; Piperno, 1988, 2006). 
Phytolith redundancy is defined as several plants producing the same or similar 
morphotypes. This problem can be addressed by assessing the level of redundancy of a 
particular morphotype in taxonomic or ecologically divergent plants, thus identifying the 
usefulness of a particular morphotype in interpreting fossil assemblages. Plant groups 
(i.e., grasses) may also produce a distinct assemblage of morphotypes, an effect called 
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multiplicity. The knowledge and understanding of individual plant morphotype 
assemblages are also useful in interpreting data. In essence, due to the great degree of 
multiplicity and redundancy in phytolith production, most researchers find it necessary to 
build a modern reference collection of plants that are currently growing in the study area 
(e.g., Runge, 1999; Kerns, 2001; Wallis, 2001; Lu and Liu, 2003; Gallego and Distel, 
2004). In conjunction with modern reference collections, researchers often evaluate the 
phytolith assemblages preserved in surface sediments (e.g., Runge, 1999; Lu et al., 2006; 
Barboni et al., 2007). This enables a better understanding of which morphotypes are best 
preserved in sediments because phytolith assemblages may not always precisely reflect 
the existing vegetation communities. This chapter has two main components: 
1) I establish a modern reference collection of phytoliths produced by plants 
common in and around Catahoula Lake, thus providing an additional collection of 
phytolith producers for Louisiana and the southeastern United States. 
2) I determine the modern distribution of phytolith assemblages around the lake 
and show how these assemblages can be used for vegetation/habitat reconstruction. 
2.2. Study Area 
Catahoula Lake, the largest, natural freshwater lake in Louisiana, is located in 
LaSalle and Rapides Parishes near Jena, Louisiana (31º 30’ N latitude, -92º 08’ W 
longitude) and measures 120 km
2
 (19.3 km long, 5.6 km wide) (Martin, 1985). It is 
situated on the far western edge of the Lower Mississippi River Valley (LMV) where it is 
bound by Miocene uplands to the west and floodplains of the Mississippi River and Red 
River to the east (Fisk, 1938; Figure 2.1). The Catahoula Lake watershed is contained 
within the 10,000 squares miles of the Ouachita River Basin. Water levels in the lake 
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widely fluctuate annually from 0 (in the winter months) to 6 meters (in the spring and 
summer months). This is a natural phenomena controlled by the input of water from 
Little River and the smaller streams from the north and west of the basin. Drainage of the 
lake occurs during high water levels through Old River, French Fork of Little River, and 
smaller bayous to the east and south of the lake. Although these lake level fluctuations 
occur naturally, in 1972, the U.S Army Corps of Engineers built a diversion canal to 
partially control water levels, encouraging the growth of important vegetational 
communities on the lakebed. 
2.2.1. Physiography and Climate 
There are three major physiographic divisions encompassed within the Catahoula 
Lake area - floodplains in alluvial valleys, “piney” hills of the uplands, and small areas of 
upland terraces along stream valleys (Fisk, 1938; Lytle and Sturgis, 1962; Martin, 1991). 
The floodplain soils are located along the north, east, and south shores of Catahoula 
Lake. These soils are recent sediments that have been deposited along active streams and 
rivers, vary from low to medium acidic sandy loams to acidic silty clays of backslopes, 
and are low in nutrients and organics. The upland soils originate from the western 
Pleistocene and Tertiary floodplains. Exposed at the surface, they are grayish-brown 
sandy loams and become sandy clay loams sub-soils with depth. These soils are also low 
in nutrients and contain few organics (Lytle and Sturgis, 1962; Martin, 1991). 
Catahoula Lake is located in the moist, subtropical climate of Louisiana. The 
dominant forces affecting Louisiana’s climate are the easterly and westerly wind belts 
that are responsible for the movement of the three dominant air masses (maritime 
tropical, maritime polar, and continental polar) and patterns of precipitation seen across 
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the state. The average annual precipitation, based on 30-year records from 1971-2000, is 
1.5067 m, with a mean annual temperature of 18.7-19.4 ºC, and an annual growing 
season between 240-250 days (Louisiana State Office of Climatology). 
2.2.2. Vegetation 
The distribution of modern vegetation, in and around the lake, is well-known and 
exhibits three concentric vegetation zones comprised of forest, scrub-shrub, and lakebed 
communities (Bruser, 1995; Fig. 2.1). Bruser (1995) further sub-divided each community 
into shoreline and open. For the purpose of this study Bruser’s ‘shoreline’ vegetation 
represents the transitional zones between each community. All the vegetational 
communities demonstrate these transitional sub-vegetation zones that are dependant on 
the present-day, annually fluctuating lake hydrology. 
The forest community sampled in this study included that defined by Bruser 
(1995) and the adjacent alluvial bottomland hardwood forest (BHF) of the southern 
United States (Turner et al., 1981). This concentric zone of vegetation surrounds the lake 
at 12.5 meters above sea level, with maximum paleoshorelines identified at 14 meters 
above sea level (Russell, 1942). The BHF farthest from the shoreline is comprised of tree 
species such as sweetgum (Liquidambar styraciflua), ash (Fraxinus spp.), deciduous 
holly (Ilex decidua), hackberry (Celtis spp.), persimmon (Diospyros virginiana), elm 
(Ulmus spp.) and oak (Quercus spp.). The ground cover includes vines such as rattan 
(Berchemia scandens), poison ivy (Toxicodendron radicans), grape (Vitis spp.), and 
peppervine (Ampelopsis arborea) as well as sparse herbaceous groundcover like southern 
crabgrass (Digitaria ciliaria), panic grass (Panicum spp.) and powderpuff  (Mimosa 
strigillosa) (Fig. 2.2). Cypress (Taxodium distichium), tupelo (Nyssa sp.), water hickory 
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Figure 2.1. Map of Catahoula Lake and documented vegetation zones. Rivers and streams 
are also labeled on the map. Figure modified by M.L. Eggart from Bruser (1995). 
 
(Carya aquatica), water planer (Planera aquatica), water locust (Gleditsia aquatica), and 
swamp privet (Forestiera acuminata), with understory species of dayflower (Commelina 
diffusa), cocklebur (Xanthium strumarium), buckwheat vine (Brunnichia sp.) and 
greenbrier (Smilax rotundifolia), dominate the BHF shoreline zone. This narrow portion 
of forest is a transitional zone and includes more flood tolerant species due to longer 
hydroperiods, lasting up to 6 months. 
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Figure 2.2. Example of bottomland hardwood forest (BHF) community 
surrounding Catahoula Lake. Catahoula Lake National Wildlife Refuge, Louisiana. 
 
Swamp privit (F. acuminata), water planer (P. aquatica), willow (Salix nigra), 
and small cypress (T. distichium) dominate the scrub-shrub community.  Characteristic 
vines and herbaceous groundcover includes B. cirrhosa, X. strumarium, sedges (Cyperus 
spp. and Fimbristylis spp.), and grasses (Digitaria ciliaris, Eragrostis hypnoides, and 
Leptochloa fascicularis) (Fig. 2.3). The transitional zone is defined by an increase in 
herbaceous species such as sedges (Cyperus spp. and Eleocharis spp.) and grass (L. 
fascicularis). Shrubs are reduced to scattered thickets or individuals. 
The emergent lakebed community is dominated by species such as arrowwood 
(Sagitarria latifolia), sedge (Cyperus spp.), mudplantain (Heteranthera limosa), and the 
grasses L. fascicularis, Paspalum distichium, L. fluitans, and Zizania aquatica (Fig. 2.4). 
The transitional zone is defined as having a similar vegetation community but has more 
highly saturated soils and frequent standing water that allows for increases in water millet  
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Figure 2.3. Example of scrub-shrub community surrounding Catahoula Lake. Forestiera 
acuminata (Swamp privet) is the shrub shown in the center of the picture. Catahoula 
Lake National Wildlife Refuge, Louisiana. 
 
(Echinochloa walteri), and duck potato (S. latifolia), and more aquatic plants such as 
duckweed (Lemna sp.) and various lacustrine algae to thrive. 
In addition, a fourth vegetational community was determined based on field 
observation that I term “open/disturbed”. It represents areas of periodic clearing or land 
disturbance due to agriculture or road and boat ramp maintenance. This allows for 
perennial grass mats that include D. cilaria and Panicum spp., and opportunistic herbs 





Figure 2.4. Emergent lakebed community shown at low lake levels in August. Note 
scattered shrubs, Forestiera acuminata and Gleditsia aquatica, encroaching onto the 
lakebed. Catahoula Lake, Louisiana. 
 
cernua) to grow. Herbaceous plants such as swamp mallow (Hibiscus sp.), false nettle (B. 
cylindrica), and morning glory (Ipomea lacunosa) are also common (Fig. 2.5). 
 
Figure 2.5. ‘Open/disturbed’ vegetational community located near the Stock Landing 
Boat ramp at the southeastern part of Catahoula Lake, Louisiana. Note dirt road and large 
grass mats and herbaceous plants near the lakebed during low lake levels in October. 
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 The long-term history of the lake vegetation has not been investigated prior to this 
study. In order to interpret down-core phytolith assemblage changes and reconstruct this 
paleovegetational history, a general understanding of present phytolith distribution is 
necessary. This chapter presents descriptions of phytolith-producing plants and then 
further investigates the phytolith assemblages present in surface soil samples from areas 
in and around the lakebed. These observations provide information on phytolith 
preservation and distributions recorded in vegetation communities from the Catahoula 
Lake area. 
2.3. Materials and Methods 
2.3.1. Modern Plant Processing for Phytolith Analysis 
 Seventy-seven species of comparative modern plants, including the dominant 
flora in and around the lakebed noted by Bruser (1995), additional species noted in the 
field during this study, and regionally documented Native American foraged and 
agricultural plants were collected for phytolith analysis from the Louisiana State 
University Herbarium, Florida Museum of Natural History, or in the field at the 
Catahoula National Wildlife Refuge (Appendix A). The major vegetation communities 
examined were the BHF and vegetated lakebed wetlands that include the scrub-shrub 
wetland and emergent lakebed (Cowardin et al., 1979; Bruser, 1995). 
 Of the 77 species, 12 grass genera representing five subfamilies (Arundinoideae, 
Chloroideae, Ehrhartoideae, Panicoideae, and Pooideae) documented around Catahoula 
Lake are included (Table 2.1). 
 The differentiation amoung grass subfamilies is of particular importance because 
each group’s distribution and ecology is unique and can be used to interpret ecological  
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Table 2.1. Grass species examined for phytoliths. Grasses as shown as being dominant in 
the following vegetation communities: Bottomland Hardwood Forest (BHF), Disturbed 
areas (D), Scrub-Shrub wetlands (S), and Emergent lakebed (L) sites (Bruser, 1995). In 
addition, grasses are identified as utilizing the C3 or C4 photosynthetic pathway. 
 




Poaceae Arundinoideae Arundinaria gigantean (Walter) Muhl. BHF C4 
 Chloroideae Cynodon dactylon D C4 
 Chloroideae Eragrostis hypnoides D, S, L C4 
 Ehrhartoideae Leersia virginica BHF C3 
 Ehrhartoideae Luziola fluitans D, S, L C3 
 Ehrhartoideae Zizania aquatica S, L C3 
 Pancoideae Digitaria ciliaris D, S C4 
 Panicoideae Echinochloa crusgali D, S C4 
 Panicoideae Leptochloa fascicularis BHF, D, S, L C4 
 Panicoideae Paspalum distichum S, L C4 
 Panicoideae Setaria spp. BHF, S C4 
 Pooideae Phalaris caroliniana S, L C3 
 
conditions such as temperature, soil and atmospheric moisture content, and degree of 
disturbance. The predominant subfamilies represented at Catahoula Lake, Panicoideae 
and Chloroideae, are C4 grasses requiring varying ecological conditions that in turn 
affect their overall distribution. Grasses in the Panicoideae subfamily grow well in humid 
tropical and subtropical environments. Chloroideae have a wider distribution, but are 
commonly found in warm and relatively dry climates. C3 grasses (including 
Ehrhartoideae and Pooideae) are also an important subfamily represented. In general, 
these grasses prefer wet and cool conditions (Twiss, 1992; Fredlund and Tieszen, 1994). 
 For each plant sampled the leaves and/or stems and inflorescences (Appendix A1) 
were processed by the dry ashing (Pearsall, 2000) or wet acid digestion procedure of 
Piperno (1988). The samples were all initially cleaned with distilled water and then 
placed in a beaker with 25 ml of 10% HCl overnight, decanted, and rinsed with distilled 
water until the material was neutralized. Samples were placed in a drying oven at 110ºC 
and dried overnight. They were then cut into 1 inch pieces, placed in a lidded porcelain 
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crucible, and ashed at 450°C in a muffled furnace. Next, samples were rinsed with 95% 
ethanol and mounted on glass slides in Norland Optical Adhesive, cured, and scanned 
with a Leitz Dialux 20 microscope (with polarizer and Motic 2000 digital camera and 
Motic Plus 2 software) at magnifications of 400x and 1000x. The remaining phytolith 
residues were stored in vials of ethyl alcohol. 
A descriptive estimate of the phytolith quantity was based on the observed 
phytoliths seen in the field of view during a single slide traverse at 400x magnification. 
Each sample was categorized using the following criteria:  
(1) None (N)- no phytoliths were observed in any field of view;  
(2) Rare (R)- a small number of phytoliths were observed in one traverse and 
were often poorly silicified;  
(3) Common (C)- a moderate number of well-silicified phytoliths were observed 
in a traverse;  
(4) Abundant (A)- a large number of phytoliths were observed in a majority of all 
fields of view. 
The plants identified as phytolith producers were further examined by identifying 
and documenting the most common morphotypes present. Diagnostic types were also 
noted. Phytoliths were defined as diagnostic in relation to the other phytolith types 
produced by plant species present at the study area. (Note: They may not necessarily 
denote a world-wide diagnostic form and further study may be needed to recognize the 
extent of their utility). 
For the purpose of this study, phytoliths were broadly divided into three groups 
based on their plant origin: grasses and sedges (short cells and long cells), herbaceous 
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and arboreal plants, and non-distinguishable. Grass phytolith-types were identified 
following a modified nomenclature originally based on Twiss et al. (1969) and Twiss 
(1992), improved by the detailed phytolith shape descriptors of Fredlund and Tieszen 
(1994), Barboni et al. (1999), and Thorn (2005). There are 12 morphological types that 
were grouped into the following six classes (Fig. 2.6): 
1. Panicoid- this includes the bilobates, Panicoid-type lobate, cross, and 
 polylobates. 
2. Chloridoid- corresponding to the Chloroideae and Arundinoideae grass 
 subfamily; this class includes short and tall saddle morphotypes, respectively. 
3. Pooids- these are subdivided into three groups: rondels (and bottom rondels), 
 trapeziform sinuate (“wavy trapezoid”), and rectangular/triangular shape. 
4. Bulliform- they are often described as fan-shaped and are from the motor cells 
 of grasses (Metcalfe, 1960). 
5. Elongate- this includes sinuous (“wavy”) and smooth elongates. 
6. Cones- these are produced specifically by Cyperaceae. A central peak defines 
them, some are encircled by smaller peaks termed ‘satellites’ (Metcalfe, 1971). 
The method of Bozart (1992) and Piperno (2005) was used for identifying non-
grass phytolith types. These types include: smooth and scalloped spheres, echinate (or 
Palmae) sphere, mesophyll tissues, epidermal-types such as anticlinal (“jigsaw puzzle”), 
polyhedral, and hexagonal plates, tracheids (tracheary), and blocky (also known as 
rectangular). Non- distinguishable phytoliths include trichomes (prickles, haircells and 
hair bases), stomatal complexes, and cystoliths (Fig. 2.7). 
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Figure 2.6. Grass and sedge morphotypes identified in phytolith slides. 1) Panicoid class: 
(1a) bilobate, (1b) Panicoid-type and cross, (1c) cross and (1d) polylobate. 2) Chloridoid 
class: (2a) short saddle and (2b) tall saddle. 3) Pooid class: (3a) flat-base rondel, (3b) 
round-base rondel, and (3c) trapeziform sinuate. 4) Bulliform. 5) Elongate, sinuate. 6) 
Cones, (6a) cones with satellites and (6b) cones without satellites. 
 
The phytoliths produced were then named and given a descriptive code following 
the Glossary for the International Code for Phytolith Nomenclature 1.0 (Madella at al.,  
2003). Morphotypes identified from plants were documented by light microphotographs 
and three permanent reference slides (Appendix A). 
 22 
 
Figure 2.7. Non-grass and non-distinguishable phytolith morphotypes identified in 
phytolith slides. (a) stomatal complex, (b) haircell base, (c) cystolith, (d) faceted 
tracheary, (e) echinate sphere (Palmeae), (f) smooth sphere, (g) polyhedral, (h) haircell 
and hair base, (i) prickle, (j) anticlinal plate, and (k) blocky. 
 
 In addition, the identification and distribution of morphotypes documented within 
the various plant groups were noted, as were the morphotypes that were non-
distinguishable, meaning they showed overlap between the groups. This step was 
important in order to identify the relationship between grass/sedge indicators and 
dicotlyedon/herbaceous/arboreal indicators. 
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2.3.2. Modern Surface Samples 
 Composite soil surface samples were collected for phytolith analysis at 23 
locations located in and around Catahoula Lake (Table 2.2). 10 m
2
 plots were established 
at each site. Five random pinch samples were taken from the uppermost 0-2 cm interval  
Table 2.2. Location of modern surface samples in and around Catahoula Lake, Louisiana 
and the associated vegetation community. 
 
Sample name Location (Lat. And Long.) 
Associated vegetation 
community 
Bottomland hardwood forest   
MH1 31.5366, 92.0391 BHF 
MH2 31.5351, 92.0379 BHF 
MH3 31.534, 92.0369 BHF/Open 
MH4 31.5319, 92.037 BHF/Open 
MH5 31.5304, 92.0395 BHF/Open 
MH6 31.5378, 92.0452 BHF/Open 
MH7 31.5371, 92.042 BHF/Open 
MH8 31.5281, 92.042 BHF/Scrub-shrub 
MH9 31.5261, 92.0435 BHF/Scrub-shrub 
MH10 31.5254, 92.0474 BHF/Scrub-shrub 
MH11 31.5794, 92.0476 BHF/Scrub-shrub 
MH12 31.5810, 92.0445 BHF/Scrub-shrub 
MH13 31.5797, 92.0383 BHF/Scrub-shrub 
MH14 31.5556, 92.0136 BHF 
MH15 31.5555, 92.0135 BHF 
Lakebed Sites   
CLR1 31.5230, 92.0830 Scrub-shrub/Lakebed 
CLR2 31.4530, 92.1734 Lakebed/Open 
CLR3 31.487, 92.1250 Lakebed 
SM4 31.5184, 92.5240 Scrub-shrub/Lakebed 
BS3 31.5195, 92.5215 Scrub-shrub/lakebed 
SP3 31.5215, 92.0841 Scrub-shrub/Lakebed 
SG2 31.5229, 92.0861 Scrub-Shrub/Lakebed 
Agricultural field   
CF1 31.5782, 92.0041 BHF/Open 
 
of the A-soil horizon to represent a composite soil sample and was chosen to represent 
the modern soil surface (Piperno, 1988; Kerns et al., 2001). Key plants were noted at 
each of the sites. Each of the samples collected were then assigned to one of the four 
vegetational environments observed at Catahoula Lake. 
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 The modern soil samples were processed using a modified laboratory procedure 
from Piperno (1988) and Pearsall (2000). Ten grams of sample was weighed, dried, and 
weighed again. Samples were then disaggregated in a 500 mL beaker of 5% Calgon 
solution, allowed to settle overnight and then decanted every two hours to remove fine 
clay particles. Each sample was then treated with 10% HCl to remove carbonates. 
Following washing and neutralizing, samples were placed in a hot water bath with 
concentrated nitric acid for an hour. Drops of KCl added to further rid the samples of 
organic materials. The coarse and fine fractions (5-20 μm and 20-63 μm, respectively) 
were separated by the gravity sedimentation method (Pearsall, 1989). The phytoliths were 
then extracted by heavy liquid floatation with 2.3 g/cm
3
 specific gravity. 
 Phytoliths were mounted on slides with Norland Optical Adhesive for counting. 
At least 300 phytoliths were counted on a Leica transmitted light microscope with a 
Motic camera at 400x magnification. The presence of diatoms, sponge spicules, and 
chrysophytes were noted, but were excluded in the total count. Phytolith percentages 
from individual surface sites were plotted using TILIA and TILIA graph (Grimm, 1987). 
Constrained incremental sum of squares cluster analysis was performed to identify 
assemblage groupings and therefore environmental assemblages using TILIA CONISS 
(Grimm, 1987). A ternary plot of the GSSC phytolith morphological groups (# 1-3) 
distribution was also constructed to illustrate the assemblage trends between sites further. 
2.4. Results 
Of the 77 plant samples analyzed in this study, 50 produced phytoliths ranging 
from rare to abundant (Appendix A). Considerable variability was found in the types, 
forms, and quantity of phytoliths produced within plants. Therefore, only the plant 
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species that produced abundant to common phytoliths are discussed in detail below 
(separated into Magnoliopsida and Liliopsida and then listed alphabetically by family). 
2.4.1. Phytoliths of Herbaceous and Arboreal Magnoliopsida (Dicotyledon) Species 
Herbaceous species, Boehmeria cylindrical, Brunnichia ovata, B. cirrhosa, 
Heliotropium indicum, and Pluchea camporata, representing four families, produced 
diagnostic phytolith forms when compared to other plants present in the region. P. 
camporata, one of six plants from the Asteraceae family, produced abundant sheets of 
psilate, anticlinal (“jig-saw puzzle”) epidermal phytoliths. The large size (35-65 microns 
in length and 15-30 microns in width) and shape distinguished these from other “jigsaw 
puzzles” produced by dicot species such as Carya aquatica and Planera aquatica.  
Tracheary elements and cytoliths were also produced. The other species that produced 
common to rare phytoliths from this family were Ambrosia artemisiifolia, Acmella 
oppositifolia, Iva frustescens, and Xanthium strumarium. 
Abundant hair cells were produced by H. indicum, a member of the Boraginaceae 
family. These hair cells were characterized by a large diameter base (8-35 microns) and 
were seen to be up to 100 microns in length, with a psilate surface texture. Elongates with 
undulating edges were also produced in trace amounts. Previous work demonstrated that 
members of the Boraginaceae family produce these distinct hair cell phytoliths (Piperno, 
1988; Bozarth, 1992; Wallis, 2003). 
In comparison, Boehmeria cylindrica and plants from the family Fabaceae, 
Phaseolus polystachios and Strophostyles umbellata, produce hair cell phytoliths that are 
quite different than H. indicum. Boehmeria cylindrica have a less squat base grading into 
a hair cell that can be up to 250 microns long. The hair cell is often curved and has 
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tuberculate surface texture. Hair cells from P. polystachios and S. umbellata can be 
curved or straight, have a smooth texture, and range from 50 to 90 microns in length, 
with a relatively thick base. Previous studies indicate that hair cell phytoliths can be 
diagnostic (Theobold, 1979; Bozarth, 1990) and can often be classified as being produced 
by monocot or dicotlyledon plants (Piperno, 1985; Blinnikov, 2005). Abundant echinate 
cystoliths were also noted in this plant. These phytolith forms are previously recorded by 
Piperno (1988) and Bozarth (1992). The two species of Brunnichia observed, B. ovata 
and B. cirrhosa, produced granular four-sided polyhedrals. Unlike most polyhedrals 
produced by dicotyledons from this study area, the distinct 4-sided rectangular shape was 
only noted in this specimen. 
There are 13 species of trees and shrubs representing 11 families commonly found 
in or around the lakebed. All species processed produced rare to abundant phytolith-
types. A common Louisiana palm from the Aracaceae family, Sabel minor, produce 
abundant and distinctive echinate sphere phytolith types. These phytoliths have a 
diameter of 3 to 6 microns. Tree species, Diospyros virginiana, Gleditsia aquatica, and 
Quercus lyrata from the families, Ebenaceae, Fabaceae, and Fagaceae, respectively, 
produce abundant and distinctive phytolith morphotypes. Diospyros virginiana 
distinctive phytolith is described as a 5-6 sided granular polyhedral. Gleditsia aquatica 
and Q. lyrata both produce a 5-sided granular polyhedral that cannot be differentiated 
from one another. Celtis tenuifolia was also found to produce polyhedrals. These 
polyhedrals, however, are poorly silicified and lack the well-defined symmetry found in 
the other polyhedrals mentioned above. Other common types include tracheary elements 
and spheres. Rare occurrences of tracheary elements, epidermal mesophyll cells, and 
 27 
sphere phytoliths were also produced in Castanea sp. Two species processed from the 
Juglandaceae family, Carya aquatica and Juglans sp. produce common phytoliths of 
stomatal cells, granular blocky, elongates, and epidermal mesophyll cells. They also 
produce small quantities of spheres. Liquidambar styraciflua produce abundant phytolith 
morphotypes ranging from stomatal cells, tracheary elements, blocky, and anticlinal 
(“jigsaw puzzle”) and polyhedral epidermal forms. 
It is important to note that two previously undescribed species, Salix nigra and 
Forestiera acuminata, produce abundant to rare amounts of phytoliths, respectively. Salix 
nigra produces abundant phytolith morphotypes ranging from stomatal cells, tracheary 
elements, blocky, and epidermal forms. It is a medium-to-large tree commonly found in 
Mississippi River floodplain associated with swampy lakes or stream bottoms. Forestiera 
acuminata, a flood tolerant shrub located in swamps and along streams, produce lightly 
silicified tracheary elements, epidermal mesophyll cells, and spheres (Brown, 1945). 
2.4.2. Phytoliths in Liliopsida (Monocotyledons) Species 
 In general, the observed phytolith morphotypes produced by plants from this 
collection are in agreement with published data (i.e.; Rapp and Mulholland, 1992; 
Piperno, 2006). Monocotyledon species are the major producers of phytoliths within the 
study area. All of the species analyzed produce abundant and diagnostic forms, except 
Sagittaria latifolia and Smilax sp., which produce no phytoliths. 
 Cyperaceae is a relatively large family of plants that are defined as obligate 
upland (OBL) wetland indicator taxa (Tiner, 1999). The three species of Cyperaceae 
commonly noted at Catahoula Lake, Cyperus eryhrorhizos, Eleocharis parvula, and 
Fimbristylis spp., produced abundant and diagnostic phytoliths. The most common 
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phytolith morphotypes are plates with a range of tubular or echinate nodes, often called 
“cones” (Ollendorf, 1992) or “hats” (Lu and Liu, 2003). From the top, these cones appear 
as a circle located within the center of a circular or hexagonal plate. When viewed from 
the side they are conical. These cones may also have additional ornamentation called 
satellites that are arranged about the central node. Cones may be documented as a single 
element or arranged in side-by-side platelets. Fimbristylis spp. produced multiple circular 
apexes with satellites. The cones produced by Eleocharis parvula, on the other hand, 
were circular with a single cone and absent of satellites.  Cyperus eryhrorhizos produced 
individual cones with an angular apex and surrounding satellites. All three of the above 
species produced cone phytoliths that occurred in platelets. 
 Plants from the Poaceae family are widely distributed and phytolith production is 
well-documented throughout the globe (e.g.; Piperno, 1988; Twiss, 1992; Lu and Liu, 
2003; Thorn, 2004; Stromberg, 2005). The dominant types of phytoliths produced within 
this family are grass silica short cells (GSSC) and long-cells (GSLC). All subfamilies 
produce common long cells, including bulliform, elongates (smooth to wavy), silicified 
stomata complexes, and varying trichome morphotypes, as described by Mulholland 
(1989). The GSSC are distributed within the sub-families according to the classification 
developed by Twiss (1969) and Pearsall (1989) with a few minor exceptions.  
Panicoideae grasses, Digitaria ciliaris, Echinochloa walteri, Paspalum distichium, and 
Setaria spp., commonly produced bilobate forms. In addition to bilobates, polylobates 
and cross forms were present in smaller amounts in E. walteri (36%, cross), L. virginica, 
L. fluitans, P. distichum (29%), and Setaria spp. (~13%). C3 rondel-type phytoliths were 
also noted in small amounts (~22%) in P. distichum. Grasses in the subfamily 
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Chloroideae, Cynodon dactlyon and Leptochloa fascicularis, produce predominantly 
short and tall saddles. Eragrostis hypnoides is an exception in the subfamily Chloroideae. 
It produces primarily C3-type rondels (78%) and bilobates (15%) (Fig. 2.8a). 
Arundinaria gigantea, the only grass represented by the Arundinoideae subfamily, 
predominantly produces tall saddles (~43%), but also produces trace amounts of short 
saddles (25%), C3 rondel-type (28%) and bilobates (in lower amounts, less than 3%). 
Ehrhartoideae grasses, Leersia virginica and Luziola fluitans also produced abundant 
bilobate forms, while Zizania aquatica produced abundant rondels with 2-4 spikes. 
Phalaris caroliniana, the only grass representative of the subfamiliy Pooideae, produced 
wavy trapeziforms (Also known as trapeziform sinuate and rectangular crenate- Brown, 
1984; Mulholland, 1989; Twiss, 1992; Honaine, 2006) (Figure 2.8b). It is notable that in 
some cases phytolith morphotypes of grass sub-families overlap (Fig. 2.8a and b). 
Therefore, shape analysis may prove useful to further examine grass phytolith shapes in 
order to document and describe shape variability between individual grass species 
production. Individual phytolith production may or may not be taxonomically significant 
beyond subfamily classification. It is important to examine this further especially since 
studies on grass phytolith production has proven useful in identifying ecological 
microhabitats (Lu and Liu, 2003; Honaine et al., 2006) and distinguishing between 
important agricultural plants (Piperno, 1984). 
2.4.4. Soil Surface Phytolith Distribution 
 All 23 surface samples processed produced abundant, well-preserved phytoliths. 
The range and variability of phytolith assemblages documented at each site are plotted in 
Fig. 2.9. The assemblages consist of phytoliths produced by grasses, sedges, herbaceous,  
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Figure 2.8. Percent grass silica short cell (GSSC) phytolith types produced by A. C4 




and arboreal plants. There are also abundant phytolith morphotypes that cannot be 
differentiated as monocotyledon or dicotyledon in origin such as elongates and trichomes 
(Piperno, 1988). The surface samples were grouped into four different vegetational 
communities. These are subjective, but generally correspond to the field observations and 
the vegetation communities identified by Bruser (1995). Incremental sum of squares 
cluster analysis confirms that specific phytolith assemblages preserved in the surface 
sediments can be used to identify these vegetational communities (Fig. 2.9).  
 In general, 13 of the 15 bottomland hardwood forest (BHF) surface sites contain 
higher percentages of dicotyledon-produced morphotypes such as epidermal cells and 
polyhedrals (ranging from 9 to 17%), tracheary elements (14 to 20%), and blocky types 
(8-23%) than non-BHF sites. Bilobates, cross, and saddles were the most common GSSC 
morphotypes. The BHF sites, MH1, MH2, MH13, and MH15, exhibited higher values of 
cross and bilobate phytoliths than other sites. These sites were particularly close to open 
or disturbed habitats due to roads. The grass-sedge lakebed and scrub-shrub are more 
difficult to distinguish. In general, they have higher overall percentages of GSSC 
morphotypes. Scrub/shrub habitats still record high amounts of dicotyledon-produced 
morphotypes (from 3-11%) especially blocky types (Sites MH8 through MH13). There 
are also increases in hexagonal plate types. Increases in sphere phytoliths types were 
present in sites MH12 through MH15 where shrub-like plants including G. aquatica and 
F. acuminata commonly grow. In addition, lower amounts of bilobates are present, with 
increases in saddles and rondels. Site CF, collected from the surrounding agricultural 
cotton field, demonstrates high amounts of rondel (19%) and saddle morphotypes (from 
20-30%), in addition to relatively high percentages of blocky (18%) and sphere (10%) 
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morphotypes. These forest types may be present due to the close proximity of the BHF 
forest community. There is a small but notable change documented between scrub-shrub 
sites (Sites SG2, BS3, SP2, SM4) and lakebed sites (Sites CLR1, CLR2, and CLR3). In 
general, bilobate, saddle, and grass-produced elongate types increase in the lakebed sites, 
and occur concomitantly with a decrease in epidermal polyhedral, tracheary, and blocky 
types. The presence of Cyperaceae is also evident by a constant record of cone and 
hexagonal plate phytoliths. Lakebed site CLR3 records especially low values of 
dicotyledon-type phytoliths, such as epidermal polyhedrals and blocky types, but has the 
highest recorded values of echinate spheres (~9%). This site is located in the central part 
of the lake, furthest from BHF influence. This site is also unique because it is 
permanently covered in water, discouraging vegetation growth. Lakebed site CLR2 has 
unusually high bilobates, Panicoid-types, crosses, and polylobate morphotypes. This site 
is unique from other sites because it is located on the far western edge of the lakebed next 
to a road and boat ramp. This lakebed site is annually exposed longer than other sites 
supporting the establishment of extensive warm and cool seasonal grassmats. 
 Figure 2.10 presents the relative percentages of GSSC distribution (defined 
morphotypes 1-3: Panicoideae, Chloroideae, and Pooideae) between surface sites. 
Overall, there is a high degree of mixing between lakebed, scrub-shrub, and shoreline 
BHF/open sites indicated by Panicoideae morphotype values ranging from 19 to 40%, 
Chloroideae morphotype values ranging from 32 to 50%, and Pooideae values ranging 
from 20 to 40%.  Sites located well within the BHF and an open lakebed site (CLR2) 
displayed an increase in Panicoideae values to 63 to 85% of the assemblage with a 
concurrent decrease in Pooideae-types to 12-24% (Fig. 2.10). 
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Figure 2.10. Grass silica short-cell (GSSC) distribution at surface sites on or surrounding 
Catahoula Lake.  Lakebed/Open and Bottomland Hardwood Forest (BHF) sites contain 
higher percentages of phytoliths produced by Panicoideae, C4 warm season grasses.  
Shrub-shrub, lakebed, and BHF/Open sites indicate high degree of mixing especially in 
vegetation transitional zones. 
 
2.5. Discussion 
2.5.1. Modern Phytolith Usage and Comparisons to Published Data 
 This study processed and defined the phytoliths production in several previously 
unpublished dicot species.  Most notable are tree and shrubs common to BHF 
environments and the southeastern United States, including Diospyros virginiana, 
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Gleditsia aquatica, Celtis tenuifolia, Forestiera aquatica, Salix nigra, and Planera 
aquatica. 
2.5.1.1. Deciduous Trees and Shrubs 
 Few detailed studies have focused solely on phytolith production in dicotlyedon 
species (Rovner, 1971; Geis, 1973; Bozarth, 1992). However, it is well established that 
polyhedral and anticlinal (“jigsaw puzzle”) epidermal morphotypes are among the most 
common phytoliths produced in the leaves and/or bark of trees and shrubs and in many 
herbaceous plants (Bozarth, 1992). It is also important to note that production of these 
phytolith types is suggested to be highly dependent on wet or humid conditions (Geis, 
1973; Bozarth, 1992; Albert et al., 2006; Tsartsidou et al., 2007) and may explain why 
plant species from this study, such as, C. tenuifolia, F. acuminata, and P. aquatica, 
produce abundant to common polyhedral and/or anticlinal “jigsaw puzzle” epidermal 
phytoliths. Previously documented species, such as Quercus sp. and Juglans sp., also 
produce these types. All of these species are abundant in BHF and thrive in wet to moist 
soil conditions. 
 Although stomatal complexes are produced in monocotleydons, dicotlyledons, 
and conifers, some studies have shown that they may be used to distinguish between 
these different plant groups (Carnelli, 2004). In particular, stomatal complexes have been 
proven especially useful in differentiating between conifers in paired pollen and stomata 
studies (MacDonald, 2001). In this study, L. styraciflua, S. nigra, C. aquatica, to name a 
few, produce abundant stomatal complexes. More detailed morphological studies of these 
phytoliths may prove useful, but these types are often poorly preserved in sediments. 
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Phytolith production in herbaceous plants has received even less attention. In this 
study, the most diverse and commonly formed phytoliths in arboreal and herbaceous 
plants were hair cells. They were commonly documented in plants from the following 
families: Asteraceae, Boraginaceae, Clusiaceae, Fabaceae, Malvaceae, and Urticaceae. In 
addition, hair cells were also documented in several grass species. There are some studies 
that suggest that trichomes with attached bases (segmented and non-segmented) may be 
useful in identifying the herbaceous plants that produce them and can be used to 
discriminate between hair cells produced by grasses (e.g., Piperno, 1988, 2006; Wallis, 
2004; Blinnikov, 2005). Unfortunately, it is relatively uncommon for hair cells and bases 
to be preserved in sediments, decreasing their utility. 
2.5.1.2. Grass Silica Short Cell Production 
 Extensive studies have focused on the phytolith production of grass species 
throughout the world (United States-Twiss, 1992; Fredlund and Tieszen, 1994; Lu and 
Liu, 2003; Blinnikov, 2005; Africa- Bremond at al., 2005; Australia- Wallis, 2003; 
China- Lu and Liu, 2003, and elsewhere). These and earlier studies noted that grass 
subfamilies could be distinguished from each other easily by the phytolith morphologies 
they produced (Twiss et al., 1969; Brown, 1984; Fredlund and Tiezsen, 1994). In general, 
Panicoideae produce bilobate, polylobate, and cross types; Chloridoideae form saddle 
types; and Pooideae produce rondel and wavy trapeziform types (Twiss, 1992; Fredlund 
and Tiezsen, 1994). This study further supports these data and is consistent with previous 
studies that document plant-specific phytolith production (Lu and Liu, 2003; Gallego and 
Distel, 2004; Piperno, 2006). 
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 Phytolith analysis of the 12 most prevalent grass species display significant 
variation in GSSC morphotypes and overall assemblages produced (Fig. 2.9a, b). The 
most commonly produced morphotype, the bilobate, is characterized by having a central 
shaft with two or more rounded lobes on each end. Bilobates are primarily produced by 
forest-dwelling species of the Panicoideae subfamily such as Panicum sp., Setaria sp. and 
D. cilaria. Bilobates are also noted in high amounts in ‘disturbed’ and/or lakebed-
dwelling C3 grass species of the Ehrhartoideae subfamily, L. virginica and L. fluitans. 
Previous studies also note the production of bilobates in the Ehrhartoideae subfamily 
(Iriarte, 2003; Lu and Liu, 2003; Piperno, 2006). In addition, the polylobate and cross 
morphotypes are produced by species that are commonly documented in disturbed or 
BHF environments. 
 The dominant form produced by plants represented in the subfamily Chloroideae 
is the saddle. The saddle morphotype was also noted in the Arundinoideae subfamily 
represented in this study by grass species, A. gigantea. These have a greater area and 
taller, narrower central portion when compared to the other two species (C. dacytlon and 
E. hypnoides) represented in this study and have been designated as tall saddles by this 
and previous studies (Metcalfe, 1960; Lu and Liu, 2003; Strömberg, 2004). Therefore, it 
is possible to distinguish between saddles that are produced by grasses in bottomland 
hardwood forest environments and grasses produced in disturbed or scrub-shrub 
environments. 
 The rondel morphotype is formed predominantly in the Pooideae subfamily, but it 
is also produced by a wide array of grass species in this study. Rondels are represented by 
a variety of forms; the main categories include rounded and lobed-base rondels. A 
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circular base, curved sides, and a slightly narrower top, which can be flat or display 
peaks, define rounded-base rondels. The lobed-base rondel generally has a flat bottom 
viewed from the side and bilobate shape in plane view. The top may also be flat or 
display peaks like the rounded-base rondel type. The C3-type rondel is also noted in 
small amounts in grasses from Panicoideae and Chloroideae subfamilies. Most notably, 
E. hypnoides, a C4 grass, produced large amounts of C3-type lobed-base rondel. Previous 
studies have also noted the production of C3-type rondels in Eragrostis sp. and other C4 
grasses (Brown, 1984; Lu and Liu, 2003; Wallis, 2004; Barboni, 2007; Tsartsidou et al., 
2007). In contrast, some studies document the production of bilobates in other Eragrostis 
species (Ollendorf, 1987; Lentfer and Boyd, 1997). 
2.5.1.3 Environmental Interpretations 
 There are well-established generalities in phytolith morphotype production. 
Ratios of C3 to C4 phytolith types have been used to estimate the relative abundance of 
C3-temperate and C4-warm grasses and distinguish between xeric and mesic 
environments (e.g.; Twiss, 1992; Fredlund and Tieszen, 1994; Alexandre et al., 1997; 
Bremond et al., 2005; Gu et al., 2007).  This study, among others, indicates that there are 
some exceptions to these generalities, especially in low latitude, subtropical 
environments, such as Louisiana (e.g.; Lu and Liu, 2003; Tsartsidou et al., 2007). As 
noted, the C3 grasses of the Ehrhartoideae sub-family produce morphotypes commonly 
identified as C4 bilobates and saddles. These grasses thrive in temporarily flooded or 
moist habitats, however, so that their phytolith production is consistent when interpreting 
environmental indices from phytolith assemblages. In contrast, there are documented C4 
warm/wet grasses such as E. hypnoides, P. distichium and L. fascicularis that produce 
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C3-type rondels. Although the amount of C3-rondels produced in some C4 grasses is 
negligible, this may affect small-scale local interpretations. These discrepancies may be 
minimized with more detailed data of phytolith morphological differences. For instance, 
Metcalfe (1960) noted that some Chloroideae produce C3-rondels with a more crescent 
outline. Preliminary analyses using 2-dimensional Elliptical Fourier descriptors (EFDs) 
(SHAPE: Iwata and Ukai, 2002) has shown that it may be possible to identify differences 
within rondel and saddle shapes between species, but more research is needed to address 
this problem. 
2.5.2. Modern Soil Phytolith Assemblages and Distribution 
 The results of the modern soil samples from this study show that phytoliths are 
abundant, well preserved, and widely distributed throughout the sites. The degree of 
phytolith morphotype diversity in the soil samples was relatively similar, but distributed 
in different proportions between plots. Overall, phytoliths assemblages from Catahoula 
lake surface soil samples can be used to differentiate between vegetational communities 
surrounding the lake and within the lakebed. Phytolith assemblages’ characteristic of 
BHF sites located farthest from the lakebed are distinctly different from transitional sites 
and are representative of the current vegetation. Arboreal and herbaceous plant species of 
the phytolith producing dicotyledon families comprise a large portion of the BHF 
assemblages including higher values of polyhedral, spheres, and blocky types. For 
example, these types are well documented in Q. lyrata, Ilex decidua (Aquilfoliaceae), 
Castanea sp. (Fagaceae), G. aquatica (Fabaceae), C. aquatica (Juglandaceae), S. nigra 
(Saliceae), and D. virginiana (Ebenaceae). There are also slightly higher percentages of 
trichomes and cystoliths. Although these are not limited to dicotlyedon species, a high 
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number of BHF-occurring herbaceous species produce these types, namely, plant species 
of the Asteraceae, Boraginaceae, and Malvaceae families (Bozarth, 1992; Wallis, 2004; 
Piperno, 2006). It is also possible to identify transitional and scrub-shrub sites based on 
the higher percentages of hexagonal plates and cones. As previously noted, hexagonal 
plates and cones are diagnostic of Cyperaceae (sedge) plants, which are a very important 
part of the vegetational composition of these sites. Although these morphologies are 
produced in abundance by sedges, their low numbers of occurrence in modern soils and 
also fossil records indicate that they are easily dissolved, and thus poorly preserved 
(Albert et al., 2006). 
 There are, however, some weaknesses and problems that need to be addressed 
when interpreting the phytolith data. Due to the unique hydrological regime at Catahoula 
Lake there are annual changes in lake water levels. This constant rise and fall of water 
levels and periodic flooding events affect surface sediment (and phytolith) chemistry, 
movement, and deposition in and around the lake. These events cause biases in the 
dispersal, preservation, and production of phytolith-types (Piperno, 1988). This bias is 
evident in the degree of mixing displayed in the overall distribution of grass phytoliths 
from surface sites. For example, when the GSSC percentage data are isolated and viewed 
separately, it becomes apparent that lakebed, scrub-shrub, and transitional BHF sites have 
a relatively similar distribution of GSSC percentages. In addition, there is a noticeable 
increase in bilobates and tall saddles with a concomitant decrease in rondels in sites 
located farthest from the lakebed proper and in highly disturbed sites (Fig. 2.9). Fearn 
(1998) showed that in Louisiana marsh environments, a simple dumbbell to rondel ratio 
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was useful in distinguishing between upland and marsh environments. This ratio may be 
useful if well-established modern analogs are available.  
 The fluctuating hydrological regime at Catahoula Lake also influences soil 
properties such as moisture and nutrient availability, which determines what vegetational 
communities thrive. For instance, sites that are submerged during the summer months 
may support more moisture dependent grasses (such as E. hypnoides and L. fascicularis). 
Sites where the lakebed is exposed longer, especially during the winter months, will 
support more drought tolerant species (such as Panicum sp. and D. cilaria). Therefore, 
vegetation changes can be interpreted as local to regional changes in hydrology, not 
necessarily large-scale temperature differences. 
 It is important to note that plants documented to produce phytoliths may be 
affected by differential preservation, thus limiting their overall usefulness in soil 
assemblage interpretation (Bartoli and Wilding, 1980; Albert et al., 2006). This is a 
common problem for deciduous trees, shrubs, and herbaceous plants that produce large 
amounts of lightly silicified morphotypes, such as haircell bases, stomatal complexes, 
mesophylls, and some tracheary elements (Bartoni and Wilding, 1980; Bozarth, 1992; 
Piperno, 2006). 
2.6. Conclusions 
 The objective of this chapter has been to provide a detailed record of phytolith 
production in the plant species (Magnoliopsida and Liliopsida) common around 
Catahoula Lake, Louisiana. Seventy-seven plants were examined with fifty plant species 
producing rare to abundant phytoliths. Grass and sedge phytolith production is diagnostic 
to the subfamily and species level, respectively. However, not all grass phytolith 
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morphotypes are consistent with previously established subfamily morphotype 
production generalities. Therefore, it is important to take into account these exceptions 
when interpreting assemblage data. Arboreal and herbaceous phytoliths produce 
characteristic morphotypes such as blocky, polyhedral, and tracheary elements that can 
be used to track grassland to forest dominance. 
 Twenty-four modern soil samples were examined to interpret the phytolith 
assemblages recovered and to provide a distribution reference for assemblage 
interpretation. In general, the downcore assemblages can be interpreted using the modern 
analogs, if the entire assemblage is evaluated along with the more prevalent forms such 
as grass and sedge indicators. When evaluating shifts in grass/sedge and 
arboreal/herbaceous phytolith morphotypes from modern soils, it is possible to 
distinguish between the Catahoula Lake vegetation environments, especially between 
BHF and lakebed environments. The distribution of GSSC also proves useful. Evaluation 
of modern surface samples suggests that a higher contribution of Panicoideae types 
occurs in BHF environments with slight decreases in the contribution of Pooideae and 
Chloroideae types. 
 This study does not address the degree of phytolith mixing and movement about 
the lakebed that should further clarify the vegetational assemblages and provide more 
precise interpretation of vegetational communities. Additional studies combining 
knowledge of modern plant phytolith production with species habitat data should also 
further refine our interpretation of downcore assemblages. 
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CHAPTER 3 
ENVIRONMENTAL IMPLICATIONS AND CORRELATIONS USING A 
MULTI-PROXY APPROACH TO INVESTIGATING SEDIMENTS DEPOSITED 
IN CATAHOULA LAKE, LOUISIANA  
 
3.1. Introduction 
 The late-Quaternary climatic history of the southeastern United States, most 
notably, Louisiana, is documented by archaeological (e.g.; Neuman, 1984; Saunders, 
1997), geomorphological (e.g.; Saucier, 1994; Arco et al., 2006; Kidder, 2006), and 
palynological (Delcourt and Delcourt, 1975, 1993; Whitehead and Sheehan, 1994; Reese 
and Liu, 2001) records. In general, these records focus on large-scale climatic events 
from post-glacial (11,000 yrs B.P.) to the end of the Hypsithermal (~4,500 to 4,000 yrs 
B.P.) times. Investigation of climatic events in Louisiana preceding the Hypsithermal is 
minimal (Kolb and Fredlund, 1981; Fearn, 1995). There is, however, evidence of 
dramatic changes in regional hydrology in the Mississippi River Valley associated with 
short-lived climatic events following the Hypsithermal (Kidder and Aldersberg, 2005; 
Kidder, 2006; Knox, 2008). In this study I present a paleoenvironmental reconstruction 
using lacustrine records from Catahoula Lake, Louisiana. The inorganic and organic 
sediments preserved in lakes are excellent archives for investigating such changes. Pollen 
and phytoliths, in particular, provide detailed records of past paleovegetational and 
climatic changes. 
 A multi-proxy approach is particularly useful in Catahoula Lake due to the basin 
size, location, and unique hydrological regime. For instance, the annual lake level 
fluctuations expose all but the deepest, central portion of the lakebed. This hydrology sets 
limits on the utility of pollen data, because pollen is highly susceptible to oxidation, and 
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constant exposure compromises preservation. This limitation on pollen preservation 
makes it particularly important to identify reliable proxies for paleoclimatic and 
paleoenvironmental reconstruction. One such proxy data set, phytoliths, is composed of 
opaline silica (SiO2 • nH2O) and is highly resistant to decay, giving them high 
preservation potential in oxidizing environments (Piperno, 1988). Phytoliths are produced 
when plant roots uptake surrounding groundwater rich in soluble silica (monosilicic 
acid), deposit this silica within and between the cells, and are ultimately released into the 
soil through a decay-in-place mechanism (Kondo, 1977; Piperno, 1988, 2006). Additional 
proxies, lake sediment characteristics, and magnetic susceptibility (MS), can be used to 
correlate between cores, further enhancing age constraint on the timing and patterns of 
past environmental changes, and providing additional stratigraphic evidence of lake 
hydrologic history. 
 In this chapter, the main goal is to reconstruct and interpret the latest Holocene 
lake levels of Catahoula Lake, using phytolith assemblages, magnetic susceptibility 
(MS), and sediment loss-on-ignition (LOI). In particular, I am addressing questions 
concerning how the lake’s hydrological history is associated with local and regional 
climatic variability. 
3.2. Study Area 
 Catahoula Lake is located in Rapides and LaSalle Parishes just south of Jena, 
Louisiana (31º 30’ N, -92º 08’ W; Fig. 3.1). It is the largest freshwater lake in Louisiana, 
covers 120 km
2
, and is located in the 25,900 square kilometer watershed of the Ouachita 
River basin (Martin, 1991). The relatively flat-bottomed lake has annually fluctuating 
water levels, from being all but dry, to 3-6 m deep, with the average paleoshoreline  
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Figure 3.1. Bathymetric map of Catahoula Lake, Louisiana and location of three coring 
sites used in this study. Major and minor rivers and bayous are labeled on map along with 
lake access points, Stock Landing, Diversion Canal, and Mosquito Bend. Bathymetric 
data provided by T.W. Doyle from USGS NWRC. 
identified at ~35 m above sea level (Michot et al., 2003). The lake levels are controlled 
by inflow from Little River and Big Saline Bayou during high water stages and outflow 
of water through the French Fork of Little River and Big Saline Bayou Outlets toward the 
Black River. However, when lake levels are lower than the surrounding drainage basins, 
the outlets reverse flow, ultimately raising water levels (Russell, 1942). Most sediment is 
delivered to the lake as fluvial input carried by the rivers and bayous that make up this 
complex drainage system. Beginning in 1972, this naturally fluctuating lake has been 
regulated by the U.S. Army Corps of Engineers and the U.S. Fish and Wildlife Service, to 
ensure continued growth of waterfowl food plants that attract both waterfowl and hunters 
to the area (Bruser, 1995). 
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The climate of this region is humid subtropical. Based on 30-year records, from 
1971-2000, the mean annual temperature is ~19 ºC (~66 ºF), with mean annual 
precipitation of 1.5067 m (Louisiana State Office of Climatology). This humid 
subtropical climate supports a diverse vegetational community. The fluctuating lake 
hydrology is the most important factor in determining the current vegetational patterns, 
which include bottomland hardwood forest (BHF), scrub-shrub, emergent lakebed 
communities, and transitional zones within each community. 
3.3. Field Collection and Laboratory Methods 
3.3.1. Catahoula Lake Cores 
 Three cores were collected from Catahoula lake lakebed (Fig. 3.1). Each coring 
site represents a different depositional environment within the lakebed. Cores CLR1 and 
CLR2 were taken with a Vibracorer from the northern and southern ends of the lake, 
respectively, in October 2004, when the lakebed was completely exposed. Core CLR1 is 
3.85 meters in length and was obtained near the edge of the scrub-shrub/lakebed 
vegetation transition zone (Fig. 3.1). The lakebed at this site is sub-aerially exposed for 
~2-3 months annually. Core CLR2 is the longest core, measuring 4.51 m and is located 
just southwest of the Little River (Fig. 3.1). Consequently, the close proximity to Little 
River and higher inputs of riverine sediments impact the type of sediment deposited in 
the southern end of the lake, as demonstrated by increases in silt to sand-sized deposits. 
In addition, the lakebed in this part of the lake is sub-aerially exposed for a longer period 
of time, enabling a thin mat of short grasses to be established on the surface, and allowing 
enhanced soil processes to occur. Core CLR3, a 3.2 m core, was obtained using a 
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Livingston corer from the central, permanently wet area of the lake in August 2005 (Fig. 
3.1 and Table 3.1). 
Table 3.1. Localities and lengths of cores examined in this study. 
 
Core name Latitude Longitude Maximum water depth (m) Length (m) 
CLR1 31.523 92.083 6 m 3.85 m 
CLR2 31.453 92.173 10 m 4.51 m 
CLR3 31.487 92.125 14 m 3.23 m 
 
 After retrieval, Cores CLR1 and CLR2 were brought back to the LSU Coastal 
Studies Institute sediment lab where they were split into working and archive halves. The 
archive half was removed from the aluminum casing and placed into a plastic PVC tube 
in order to measure bulk density and magnetic susceptibility using the GeoTek Multi 
Sensor Core Logger (MSCL). Core CLR3 was brought back to the LSU CENEX Lab 
where it was split into working and archive halves. This core was not measured by the 
MSCL. 
3.3.2. Multi-sensor Core Logger (MSCL) 
 Physical properties (Gamma-ray density and magnetic susceptibility) were 
measured at 0.5 cm intervals non-destructively on archive halves of Cores CLR1 and 
CLR2 using the GEOTEK MSCL at the Coastal Studies Institute at Louisiana State 
University.  Gamma-ray density (GRD) is obtained by calculating the attenuation of 
gamma-rays from a 10 milli-Curie 
137
Cs source through cores (Weber et al., 1997) using 
the following equation:  
GRD ( ) =
1
μd ln(I0I )
    (1) 
where: 
 
I = intensity of the gamma beam received at the detector after passing through the air gap, 
core liner, and sediment 
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I0 = intensity of the beam after passing through the air gap and core liner thickness 
μ = Compton mass attenuation coefficient of the sediment (cm2/g) 
d = the thickness of the sediment (cm). 
 
GRD is expressed in g/cm
3
. A Bartington MS2C Loop Sensor attached to the MSCL was 
used to obtain magnetic susceptibility (MS) data for the wet sediments. MS values were 
corrected with respect to volume and reported as dimensionless units in 10
-5
 SI 
(Thompson and Oldfield, 1986). Additional MS measurements were taken after sediment 
samples were dried, and are described below. 
3.3.3. Magnetic Susceptibility (MS) 
When placed in a magnetic field, all minerals are “susceptible” to becoming 
magnetized. Magnetic susceptibility is a measure of this induced magnetism that occurs 
in the sediment sample. Magnetic susceptibility values are dominated by concentrations 
of fine-grained ferrimagnetic minerals, such as iron oxides (i.e., maghemite, magnetite, 
hematite) and iron sulfates, (i.e., pyrrhotite) or paramagnetic minerals (i.e., clays, iron 
carbonates, and iron sulfides), and reflect the general composition and concentration of 
magnetizable materials in samples. In addition, diamagnetic minerals (such as calcite and 
quartz) may be present in sediment samples. Due to their very weak negative MS values, 
the presence of these minerals often has little effect on the overall MS signature, unless 
the ferrimagnetic or paramagnetic content is extremely low. Therefore, even a small 
amount of detrital ferrimagnetic or paramagnetic minerals can strongly influence the MS 
value recorded in sediments. Magnetic susceptibility can be easily measured on relatively 
small samples (3-6 grams) using a balanced coil induction system, also known as a 
susceptibility bridge. This method is not dependent on knowledge of sediment orientation 
and provides quick results. 
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In general, MS data have been used to interpret marine sediment rock deposits 
(e.g.; Ellwood et al., 2001; Crick et al., 2002; Ellwood, 2008; Ellwood et al., 2008), 
terrestrial rock and loess records (e.g.; Evans and Heller, 1994, Balsam et al., 2005), and 
cave deposits (Ellwood et al., 1996; Ellwood et al., 2004), but can also be used to address 
questions concerning the nature of sediments deposited in lacustrine environments (e.g.; 
Thompson et al, 1975; Yang et al., 1997; Evans and Heller, 2003). The magnetic 
properties recorded in lake sediments are largely due to the nature of minerals that are 
being transported into and deposited in the lake from the surrounding uplands. The type 
and composition of these sediments is often a reflection of regional climate effects. Of 
particular interest are changes in precipitation associated with these climatic effects. Lake 
sediments recording higher MS values represent periods of increased precipitation, and 
subsequently, increased rates of sediment erosion. In contrast, low values reflect lower 
rates of erosion due to lower precipitation rates. 
Not only does climate affect erosion rates, but it also controls the processes of soil 
pedogenesis. The variation in MS documented in soils reflects the changes in magnetic 
minerals, their composition, concentration, and grain-size (Thompson and Oldfield, 
1986). In general, warm, wet climates increase the soil pedogenesis processes that lead to 
the production of fine-grained ferrimagnetic minerals such as maghemite and magnetite, 
while cooler, drier climates see a reduction in these processes and lower amounts of 
ferrimagnetic minerals (Brooks et al., 2001). 
3.3.3.1. MS Measurements (Bridge and Bartington Hand-held) 
Catahoula Lake cores CLR1, CLR2, and CLR3 were sampled for MS 
measurements at a continuous down-core 0.02 m interval. The wet weight of each sample 
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was recorded before being placed in a drying oven overnight (110°C). Afterwards, 
samples were disaggregated, weighed to obtain an optimal dry weight of 3-6 grams, and 
placed in small plastic bags. The sediment fraction was measured three times using the 
Williams susceptibility bridge in the Rock Magnetism Laboratory at Louisiana State 
University. The mean and standard deviation of these samples were calculated and 







et al., 1996) and calibrated using standards reported by Swartzendruber (1992). 
As stated previously, MS data sets were also obtained using a MS2C loop sensor 
as part of the GeoTek MSCL for Cores CLR1 and CLR2. Core CLR3 was not measured 
for MS using the MS2C loop sensor. Measurements obtained from both the Bartington 
MS2C and Williams bridge were plotted together to compare values. Additional 
measurements were made on all cores using a Bartington point-sensor at 0.05 m intervals. 
These additional measurements were made to quantify differences in MS values recorded 
in wet and dry sediments, which is integral for correct MS interpretation. 
3.3.3.2. MS Data Presentation 
Magnetic susceptibility bridge data from each core were evaluated and interpreted 
in order to construct individual bar logs. These bar logs emphasize distinct changes in 
MS values and are interpreted as follows 1) open areas represent lower MS values and 
periods of decreased terrestrial erosion (i.e., drier conditions), while 2) shaded regions 
represent higher MS, or periods of increased erosion (i.e., wetter conditions). These bar 
logs are differentiated on the midpoints of multiple data points in trends from smoothed 
data based on the method further explained in Ellwood et al. (2001). The constructed bar 
logs were then graphically compared by projecting the beginning and end points of 
 56 
similar MS ‘events’ between sections. This tool is used for correlating short-term, 
regional MS ‘events’ and radiocarbon ages between cores, further increasing the 
stratigraphic control between sites (Crick et al., 2002). 
3.3.4. Thermomagnetic Measurements 
Two/three representative samples were chosen from each core (total n=7) for 
thermomagnetic susceptibility measurements using the KLY 3S Kappa Bridge 
manufactured by AGICO, Czech Republic, and located in the Rock Magnetism Lab. 
Results are presented as SI dimensionless units. This method involves measuring the 
magnetic susceptibility (MS) in a sample during a heating and cooling cycle from room 
temperature to 700 °C. 
Paramagnetic minerals display a diagnostic parabolic-shaped MS decay curve 
during heating, because the MS in samples is inversely proportional to measured 
temperature. In contrast, ferrimagnetic minerals display an increase in MS up to the point 
where MS decays and nears the Curie temperature of the minerals responsible for the MS 
(Hrouda, 1994). For many ferrimagnetic minerals, this ‘decay’ temperature is around 600 
ºC (Thompson and Oldfield, 1986; Gubbins and Herrero-Bervera, 2007). During heating, 
some iron containing minerals exhibit paramagnetic behavior at low temperature, but are 
unstable at higher temperatures, resulting in a chemical change. This mineral behavior 
often produces diagnostic peaks as a result of the formation of a ferrimagnetic phase 
during heating (Ellwood et al., 2007). These resultant data are important and can be used 





All three cores were sampled at a continuous down-core 0.1 m interval for loss-
on-ignition (LOI), a method based on differential thermal analysis, developed and used to 
obtain an estimate of the water, organic matter, and inorganic matter content in sediments 
(Dean, 1974). Loss-on-ignition followed the protocol set out by Bengtsson and Enell 
(1986) and Santisteban et al. (2005). Cores were split and approximately 5-10 grams of 
wet sediment was removed from the cores, weighed, dried in oven at 105°C to eliminate 
water, then at 550°C to burn off organic matter, and 925°C to remove any inorganic 
carbon materials present. The remaining sample after heating at 925°C is the residuum. 
LOI calculations were made as follows:  
Percent water (LOI105) =  100







   (2) 
 
Percent organics (LOI550) =  100







     (3) 
  
Percent carbonates (LOI925) =  100












Cs) and Lead-210 (
210
Pb) Measurements 
 Fallout radionucuclides, 
210
Pb (constant, naturally occurring) and 
137
Cs 
(atmospherically derived, anthropogenic product of nuclear fallout testing), are 
commonly used to calculate sediment accumulation rates (SARs) in a variety of 
depositional settings including estuaries, bays (Brush et al., 1982), and lakes (Last and 
Smol, 2001). These radionuclides are strongly fixed by clay particles and are 
subsequently redistributed in association with soil or sediment particles. 
210
Pb is a 
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product of the 
238
U decay series, where it is ultimately removed from the atmosphere and 
deposited onto terrestrial surfaces or into bodies of water. In lakes (and other bodies of 
water), 
210
Pb is scavenged by sediments in the water column and ultimately deposited as 
sediment on the lakebed. By using the radioactive decay law, this excess, or unsupported 
210
Pb, can be used to determine sediment accumulation rates. 
The presence of 
137
Cs is often documented as a characteristic peak of its vertical 
profile in sediments. Detectable concentrations of 
137
Cs first appeared in the continental 
United States in 1954 with maximum peak concentrations at 1963 and negligible fallout 
since 1976. These peaks can be used as radioisotope marker horizons to estimate 





Cs were determined by -spectroscopy analysis (
210
Pb 
peak of 46.5 KeV and 
137
Cs peak of 661 KeV). The three lake cores were sampled at 
every 0.04 m for the first 0.5 m and then additional sub-samples were obtained at a depth 
of 0.8 m for Core R1. The sediments were weighed, dried, and reweighed to determine 
porosity. They were then homogenized, packed, weighed, and sealed in a 6 cm petri dish.  
Samples were placed aside for 15 days to capture 
222
Rn gas (t1/2 = 3.8 d) and allow for 
secular equilibrium between 
226
Ra (t1/2 = 1.6x 103 yr) and measured daughters, 
214
Pb (t1/2 
= 27 min) and 
214
Bi (t1/2 = 20 min) and then placed in a Canberra germanium detector and 
counted for 24 hours. 
 According to the constant rate of supply model for 
210
Pb (t1/2 = 22.3 years), SARs 
in mg/cm
2
/yr were calculated assuming steady state conditions of deposition and 
relatively constant porosity, using the equation (Appleby and Oldfield, 1978, 1992; 
Nittrouer et al., 1979; 1984): 
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S =  
- z
ln AzAo( )
      (5) 
where: 
 = decay constant 0.0693/ t1/2 
z = depth 
Ao = excess 
210
Pb activity at sediment interface (dpm/g) 
Az = excess 
210
Pb activity at depth z (dpm/g) 
 
Apparent accumulation rates, which are the SAR values that assume negligible effects of 
biological mixing, are then calculated using the least squares regression of the 
210
Pb 
profiles and application of equation (5) (Krishnaswami et al., 1980). 
The minimum accumulation rates were determined from the 
137
Cs activities of 
lake sediments using the following equation (DeLaune et al., 1978). 
S =  zmaxt      (6) 
where: 
zmax = maximum depth of 
137
Cs 






C) measurements were obtained from woody or leafy organic material 
found within the sediment. Four samples were collected from CLR3 and one sample from 
CLR1, and were sent to Beta Analytic for analyses of their 
14
C content using accelerated 
mass spectrometry (AMS). Large organic samples were picked from cores, washed with 
distilled water (dH2O), dried, and weighed. For smaller samples, bulk sediment was 
removed from the core, washed using a 53μm sieve with dH2O, and at least 5 mm of 




C ages were corrected for past variation in cosmogenic radiation using 
standard OxCal v 3.1 with IntCal04 correction curve <20,000 
14
C B.P. (IntCal04, 2004; 
Table 3.2.). 
Table 3.2. Sediment age at dated intervals and cores. 
Lab no. Core Depth 
interval (m) 
14




CLR1 2.59-2.6 3790 ± 40 
 
Cal BP 4280 to 4080 




CLR3 2.20-2.21 2450 ± 40  Cal BP 2720 to 2350 
(Cal BC 2020 to 1870) 
0.95 
Beta-234849 CLR3 2.27-2.28 2520 ± 40 Cal BP 2740 to 2440  




CLR3 2.29-2.3 2550 ± 40 Cal BP 2760 to 2700  




CLR3 2.98-3.0 3570 ± 40 Cal BP 3970 to 3820 
(Cal BC 760 to 400) 
0.95 
 
3.3.6. Downcore Phytolith Assemblages 
Each core was sampled (5-10 grams) at 0.2 m intervals for phytolith analysis. In 
areas of distinct sedimentological changes, a sample at 0.1 m interval was taken. Sample 
processing followed a modified version of the phytolith procedures developed by Pearsall 
(2000). The sediment was weighed, dried, and weighed again. Samples were then placed 
in a 500 mL beaker and disaggregated using 5% calgon solution, and allowed to settle for 
24 hours. In order to remove fine clay particles, the sediment was decanted and refilled 
with dH2O every 2 hours. They were then placed in 50 mL glass centrifuge tubes and 
treated with 10% HCl and nitric acid, to remove carbonate and organic compounds, 
respectively. During the nitric acid treatment drops of KCl were added to the samples if 
further removal of organics was necessary. The coarse and fine fractions (5-20 μm and 
20-63 μm, respectively) were then separated using the gravity sedimentation method 




 specific gravity) floatation. The residues were permanently mounted on glass 
slides with Norland Optical Adhesive. 
Slides were counted on a Leica transmitted light microscope with a Motic camera 
at 400x magnification. At least 300 phytoliths were counted per depth interval and this 
included noting the presence of diatoms, sponge spicules, and chrysophytes. Phytolith 
percentages were plotted using TILIA and TILIA graph (Grimm, 1987; Appendices B4, 
B5, and B6). Constrained incremental sum of squares cluster analysis was performed to 
identify assemblage groupings and therefore environmental assemblages using TILIA 
CONISS (Grimm, 1987). Morphological identification of phytoliths was based on results 
obtained from the study of the modern plant reference collection in Chapter 2. They were 
also identified and named using previous morphological studies (e.g. Twiss et al., 1969; 
Piperno, 1988; Mulholland and Rapp, 1992; Wallis, 2004) and the most recent code of 
phytolith terminology (Madella et al., 2005). 
3.4. Results 
3.4.1. Geochronology and Accumulation Rates 
 Five AMS dates (on organic material) show that the sediment record extends 
below 3,790 ± 40 
14
C yr B.P. (~4,200 cal yr B.P.) in CLR3 and CLR1. The MS bar logs 
constructed from CLR1 and CLR3 allowed further age constraint and correlation. Four 
sections of linear sedimentation rates (LSR) were determined for CLR1 and CLR3 based 
on these MS correlations, 
14
C ages, and 
210
Pb data (Fig. 3.3). The first and second 
sections (~4,100- 3,900 cal yrs B.P. and ~3,900-~2,730 cal yrs B.P., respectively) exhibit 
LSR of ~0.018-0.031 cm yr
-1
 and ~0.060-0.064 cm yr
-1
, respectively. The LSR for the 
third section (~2,535 cal yrs B.P. to A.D. ~1,800; uncalibrated) is ~0.07-0.09 cm yr
-1
. The  
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Figure 3.3. Time-depth plot of 
14
C ages with calculated sediment accumulation rates (cm 
yr
-1
) plotted along profile lines. Refer to Chapter 4 for further discussion. 
 
fourth section (A.D. ~1,800 yrs; uncalibrated to recent) was determined using 
210
Pb 
geochronology based on the presence of excess 
210
Pb in the top 18 cm for CLR1 and 12 
cm for CLR3). Core profiles of excess 
210
Pb activity for Cores CLR1, CLR2, and CLR3 
are shown in Fig. 3.4. Measured excess 
210
Pb values are given in Table 3.3. In the figure, 
horizontal bars represent the error associated with the excess 
210
Pb activity 









0.7102). The lowest rate determined was in Core CLR2 taken in the southernmost part to  
the lake, and the highest rate was in Core CLR3, in the central, permanently wet area of 
the lake. In addition, the lowest excess 
210
Pb values are recorded in Core CLR2, 




Cs levels in all three cores were below the limit of detection (<0.1 dpm/g) and 
could not be used to determine SARs. 
 
 
Figure 3.4. Catahoula Lake cores. Excess 
210
Pb activity (dpm/g, decay per minute per 
gram) is plotted on the x axis and depth is plotted on the y axis.  Solid lines represent the 
best fit through the data points. 
 
Table 3.3. Measured excess 
210
Pb activity (dpm/g) from Catahoula Lake cores. 
 
Core Site Depth (cm) Excess 
210






































3.4.2. Magnetic Susceptibility Characteristics 
 The overall trends in the data collected from the Williams bridge, MS point-
sensor, and the MSCL Bartington loop sensor are in general agreement in Cores CLR2 
and CLR3 (Figs. 3.5b and 3.5c). In Core CLR1, overall MS trends in the upper portion (0 
to 1.9 m) are in general agreement, but in poor agreement in the lower half (1.9-3.85 m; 
Fig. 3.5a). Cores measured using the MSCL Bartington loop sensor (CLR1 and CLR2) 
display low overall MS Bartington values (<20 X 10
-5
 SI) and show less variation than 
Williams bridge values. These differences may be due to decreased instrument sensitivity 
for the loop sensor when encountering lower MS values (Febo, 2007). 
 MS bridge measurements observed for sediment samples of cores CLR1 and 
CLR3 generally fall within the range of 5 x 10
-7 




/kg and produce MS curves 
that can be interpreted as representing several small-scale variations. The bar logs are 
described from the bottom of the core up (Fig. 3.5). The shifts identified in Core CLR1 
MS dataset are: 1) a long MS cycle from the base of the core to 2.8 m; 2) followed by a 
short cycle from 2.5 to 2.3 m; 3) a series of very short cycles from 2.3 to ~1.5 m; 4) a 
distinct peak at ~1.2 m; and 5) a series of very short cycles from ~1.0 m to ~0.4 m ; with 
6) a well-defined peak at the top of the core (Fig. 3.5a). Core CLR3 MS dataset displays 
similar shifts: 1) a MS half cycle from the base of the core (~4,000 cal yrs B.P.) to 2.6 m; 
2) a sharp, short cycle from 2.6 to 2.3 m (~2,550 cal yrs B.P.); 3) a distinct peak at 1.6 m; 
and 4) two broad cycles from 1.4 m to the top 0.2 m of the core (Fig. 3.5c). The distinct 
peak seen at 0.2 m in CLR1 is missing in CLR3. MS variations in Core CLR2 are 
minimal with values ranging from ~4 x10
-8




/kg (Fig. 3.5b), with only one 
distinctive peak (~1.5 m) and broad cyclicity from 2.4 m to 0.8 m.
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The thermomagnetic curves are generally similar for all samples, suggesting that 
no major change in magnetic mineralogy is present in the cores (Fig. 3.6, n=7). All 
samples show the typical parabolic-shaped decay heating curves, which indicate that 
paramagnetic constituents at low temperatures dominate the MS of the sediments. These 
then alter at higher temperatures to a secondary ferrimagnetic phase. During cooling, the 
ferrimagnetic component dominates the susceptibility curves. This behavior is observed 
in all samples except one (Fig. 3.6). The cooling curve in Core CLR1, sample 1R-100 
begins with higher susceptibility, never approaching zero, indicating that the 
ferrimagnetic constituents are a result of post-depositional alteration (Fig. 3.6a). 
3.4.3. Core Sediments and Sediment Organic Matter 
 The sediments in CLR1 are composed of homogenous fine-to-medium grained 
lacustrine mud with some areas of silty mud, and contain few discernible sedimentary 
structures. Core CLR2 has two distinct lithologic packages. The lithology from the base 
of the core to 1.9 m is dominated by fine-grained silty-mud, with increases in silty sand 
from 2.7-2.5 m and 2.2-2.0 m. The second lithologic package is dominated by medium-
grained lacustrine mud with increases in silty-mud at 0.8 m. The core lithology for Core 
CLR3 is relatively homogeneous, with no obvious bedding and is composed of fine-to 
medium-grained lacustrine mud. An interval rich in plant detritus (leaves and twigs) 
exists from 2.2 to 2.4 m, which provided material for radiocarbon dating. 
The LOI results are in good agreement with the overall sediment type represented 
in each core. All three cores have low LOI550 (% organic) and LOI925 (% carbonate) 
values, ranging from 3-14%, with LOI105 (% water) values, varying between cores (Fig. 
3.7). Core CLR1 displays the most variable % water values ranging from 30 to 55%.  
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Figure 3.6. Thermomagnetic susceptibility results for 7 samples from Catahoula Lake 
cores, A) Core CLR1, B) Core CLR2, and C) Core CLR3. Heating and cooling limbs are 




These values tend to mirror the trends documented in the MS bridge data. Low values of 
carbonate and organic matter content are measured throughout the core, with values 
ranging from 5-12%, with the highest values in the top 0.3 m of the core. Core CLR2 has 
distinct changes in both grain-size and LOI values. Organic and carbonate percentages 
are low throughout with highest values at 10% for organic and 5% for carbonates. 
Increases, followed by subsequent decreases, in inorganic (% water) occurred at 0.1 m, 
1.1 m, 1.98 m, and 2.8 m depths. Organic and carbonate percentages displayed slight 
increases at 0.1 and 1.1 m. CLR3 has the least variability in values, with % water ranging 
from 25-40% and overall values of % organic and % carbonate less than 10%. 
Overall GRD values are higher for CLR2 than CLR1, especially in the bottom 
half of the core. This trend is consistent with grain-size analysis, which indicates higher 
overall silty-sand content in CLR2. In Core CLR1, higher % water and % organic 
compounds correspond to lower GRD values, reflecting higher clay content during these 
intervals. An exception occurs at 3.4 to 3.8 m where GRD and % organics are high, while 
% water is low. This interval is interpreted to indicate a drier period with lowered lake 
levels. This interval is also consistent with lower MS values. 
3.4.4. Phytoliths, Magnetic Susceptibility (MS), and Loss-on-ignition (LOI) 
 Phytoliths are abundant and well-preserved in all three cores from Catahoula 
Lake, documenting a broad assemblage ranging from grass/sedge-types to 
arboreal/herbaceous-types. Based on 
14
C dates, Cores CLR1 and CLR3 represent ~4,000-
4,500 yrs B.P. of vegetational changes in and around the lakebed. Four stratigraphic 
zones were defined within the record, based on percent changes of phytolith morphotypes 
and associated geochemical and sedimentological changes. The zones are not necessarily 
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coincident between the two cores and are described from the bottom up (Figs. 3.8 and 
3.9). Relative ages are approximated for cores CLR1 and CLR3 by interpolating onto the 
lines created by the 
14
C age-depth model (Fig. 3.3). CLR2 could not be compared with 
the other two cores due to a lack of absolute and relative chronology, and is described 
separately (Fig. 3.10). Magnetostratigraphy and LOI results are also discussed within the 
established zones. 
3.4.4.1. Zone 1a (CLR1- 3.85-2.7 m depth, >3,790 yr B.P.; CLR3- 3.2-2.5 m depth, 
~>3,800-3,000 yr B.P.) 
 
 The assemblages in Zone 1a had a similar proportion of grass to non-grass forms 
(ranging from 45 to 60%), with overall high percentages of Panicoideae (C4) grass-types 
and bulliforms. Phytolith percentages from this zone also document higher numbers of 
cones, derived from species of Cyperaceae. The presence of cone (~1-3%) and Panicoid-
type phytoliths suggest that the site supported a transitional scrub/shrub-lakebed 
environment. In addition, types commonly found in BHF, anticlinal plates (‘jigsaw 
puzzle’) and epidermal-types, are low. This zone coincides with a documented MS 
increase and subsequent decrease apparent in both cores (Figs. 3.8 and 3.9). During 
intervals of higher MS values, bulliform phytolith percentages decrease while Pooideae 
(C3) grass-types, rondels, and tall saddles, increase. Percent water as indicated by LOI at 
110°C differs between the two cores. Core CLR1 displays an overall increase of 20-30%, 
while a slight decrease of ~5% occurs in CLR3 (Figs. 3.8 and 3.9). In both cores, organic 
matter is initially high, but decreases to average levels of 5-10%, while carbonate content 








3.4.4.2. Zone 1b (CLR1- 2.7-1.5 m depth, ~3,550-1,900 yr B.P.; CLR3- 2.5-1.3 m depth, 
~3,000-1,600 yr B.P.) 
 
 In Core CLR3, the non-grass percentages average about 49% with 2 peaks at 60% 
at 2.4 m and 1.5 m. Peaks are defined by increases in anticlinal plates (‘jigsaw puzzles’) 
and epidermal-types (Fig. 3.9). Non-grass percentages in Core CLR1 are lower and less 
variable, with average percentages at 40%. Cones are still present in both cores with 
higher and more consistent values in CLR1. Among grass phytoliths, there is a decrease 
in C4 Panicoideae-types (bilobates and crosses) and an increased presence of C3 
Pooideae-types such as rondels. After a peak in water content (LOI at 110°C) at 2.4 m 
and 2.3 m, in cores CLR1 and CLR3, values decrease (~20%) to rise again by 15% in 
CLR1, while values decline steadily by 5-10% in CLR3 (Fig. 3.7). A slight increase (~3-
7%) in organic matter occurs during the % water increase. Carbonate values are low and 
remain unchanged. These increases in non-grass phytolith-types and changes in LOI 
documented in CLR3 are coincident with increases in MS values (Fig. 3.5), indicating 
increased terrestrial input. 
3.4.4.3. Zone 2a (CLR1- 1.5-0.4 m depth, (1,900-600 yr BP; CLR3- 1.3-0.4 m depth, 
~1,600-400 yr B.P.) 
 
 Herbaceous/arboreal phytolith forms dominate Zone 2a, with a saw tooth trend 
from bottom to top of the zone, changing from samples dominated by grass phytoliths 
and back. Cone phytoliths are no longer present in CLR1, with only occasional 
occurrences (~0.5%) documented in CLR3 (Figs. 3.8 and 3.9). In CLR1, water content 
decreases to values of 20-30%, while CLR3 values remain relatively constant. Organic 
matter displays a slight decrease in both cores (3-4%). Carbonate values increase slightly 
to values around 4-5% in CLR1 and stay constant at 3% in CLR3. 
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3.4.4.4. Zone 2b (CLR1- 0.4-0 m depth; CLR3- 0.4-0 m depth, Recent) 
 Tree/shrub and grass phytolith forms are distributed evenly with percentages 
averaging 50%. The dominant grass phytoliths are C4 Panicoid and Chloridoid-types.  
Bulliform and elongate forms are found in lower percentages compared to other zones. 
Hexagonal plates, phytoliths associated with Cyperaceae, and smooth spheres, are 
present. Scalloped and smooth spheres are produced mainly by plants that dominate the 
scrub-shrub and transitional BHF environments of Catahoula Lake (i.e., Forestiera 
acuminata and Carya sp.). See Chapter 2 for more detail. Water content continues to be 
low (values of ~25 to 28%), along with organic and carbonate matter (5-7% and 3-4%, 
respectively). 
3.4.4.5. Phytoliths from Core CLR2 
Phytolith assemblages are dominated by bulliforms, which are grass silica long cells 
(GSLC) and blocky-types, large phytoliths primarily formed in arboreal plants (Figure 
3.10). The top section of the core, starting at 1.4 m, displays an increase in cones and 
hexagonal plates, phytoliths that are formed by the family, Cyperaceae. In terms of grass 
silica short cells, the largest percentages (40 to 60%) alternate between C4 Panicoid-types 
and C3 Pooid-types. C4 Chloridoid-types are low overall, ranging from 10 to 40% of the 
entire assemblage. The core assemblage is dominated by grass phytolith-type percentages 
ranging from 40 to 68%. Non-grass phytolith-type percentages are lower ranging from 17 
to 39%. Intervals of increased non-grass phytolith-types (i.e., 4.2-4.0 m, 2.4 m, and 1.3-
1.0 m) occur during periods of increasing MS (Fig. 3.5), indicating an increase in 
terrestrial material. In addition, % water and % organic compounds increase at 1.3-1.0 m 






3.5.1. Catahoula Lake Core Correlation Using MS Data 
MS-bar log variations for Core CLR1 and CLR3 are compared successfully using 
the graphic comparison method, which involves plotting the bottom and top of MS zones 
and projecting the equivalent zones between sections (Fig. 3.11). A corresponding Line 
of Correlation (LOC) is then drawn to best fit these data points. Using the LOC, the four 
AMS 
14
C dates obtained for CLR3 is graphically projected from the CLR3 bar-log to the 
CLR1 bar-log (solid lines in Fig. 3.11). Subsequently, the one AMS 
14
C date for CLR1 is 
projected to the CLR3 bar-log (dashed lines in Fig. 3.11). This method enables the 
establishment of relative ages for both cores and is also used to calculate more detailed 
SARs. Even though there appears to be good correlation of the MS Bartington data 
between Core CLR1 and Core CLR3, a disparity does exist between MS data and the 
method used to collect the data (as demonstrated in CLR1 and CLR2, Fig. 3.5). The 
disparity in MS data sets can be attributed to several problems: 1) difference in MS 
values driven mainly by conversion to mass versus volume and resulting changes 
between wet and dry sediments, 2) post-depositional (secondary) alteration, and/or 3) 
instrument sensitivity. To evaluate what may cause these differences seen in the MS 
values between data sets, the following observations were made: 
3.5.1.1 Wet Verses Dry Measurements 
 As stated previously, MS measurements on Cores CLR1 and CLR2 were 
performed using the MSCL Bartington Loop sensor, the LSU Williams susceptibility 
bridge, and the MS2 Bartington point-sensor, while CLR3 was measured using the 
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Williams bridge and MS2 point-sensor. MS values (SI) obtained by the loop sensor and 
MS2 point-sensor are calculated using the following equation, 
Mi = ijHj               (7) 
where: 
 
MI = induced magnetization 
Hj= external magnetic field 
ij = dimensionless constant calibrated relative to volume MS 
 
 
On the other hand, values obtained from the Williams bridge are given by, 
 
Mi = ijHj       (8) 
 





The most noticeable differences in MS values occur between the wet 
measurements taken with the loop sensor and the dry measurements using the Williams 
bridge. These differences can be attributed to the loss in mass when sediment samples 
dry, thus eliminating the contribution of water to the mass specific susceptibility ( ). The 
LOI105 values, especially in CLR1, display similar trends as do MS data, further 
supporting the dilution effect of wet sediments on MS values. 
In addition, as sediments dry, secondary alteration occurs. Studies indicate that in 
carbonate rich sediments, the presence of siderite (values as low as 3%), a relatively 
unstable mineral when exposed to air, oxidizes quickly to form magnetite or maghemite, 
thus increasing the overall MS signature (Ellwood et al., 1988). Catahoula Lake 
sediments have overall low values of carbonates (ranging from 3-6%), therefore, the 
presence of siderite in the core sediments is assumed to be very minimal. We can rule out 
this effect due to the overall low carbonate values in the cores. 
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Figure 3.11. Graphic comparison between Catahoula Lake Core CLR1 and Core CLR3. 
 
3.5.1.2. Post-depositional Alteration (Thermomagnetic Susceptibility Measurements) 
Heating sediment samples while measuring the MS provides data that indicate 
mineral stability and addresses whether or not increases in temperature cause a change in 
minerological phase (i.e. oxidation in air) (Ellwood et al., 2007a). For instance at low 
temperatures (30 to 100 °C), Catahoula Lake samples are dominated by paramagnetic 
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minerals (Figs. 3.6a, 3.6b, and 3.6c). Upon further heating (>100 °C), an upward change 
in slope of the curve indicates conversion to iron oxide minerals of paramagnetic 
compounds, resulting in an increase in MS values. When cooling, the curves quickly 
exhibit much higher MS values as the ferrimagnetic minerals acquire an induced 
magnetization. If secondary alteration in the field or laboratory occurs, samples exhibit 
much higher MS values during initial thermomagnetic measurements. 
In cores CLR2 and CLR3, continuous heating curves indicate a large conversion 
from a paramagnetic to a single secondary ferrimagnetic phase, with a Curie point 
compatible to magnetite. Had significant effects occurred due to secondary alteration on 
MS signature, than this conversion would have already occurred (Fig. 3.6). This effect is 
less pronounced in CLR1, indicating that secondary alteration may slightly influence the 
MS signature. Secondary alteration may have occurred during sediment drying. 
3.5.1.3. Instrument Sensitivity 
 Dearing (1994) and Thompson and Oldfield (1986) both discuss the differences in 
MS values obtained from different instruments. In my experiments, the probe and 
Williams bridge provide more detailed measurements on a smaller amount of material, 
while the loop sensor measures a larger amount of material with less detail. Although the 
overall values may differ due to mass and area differences, the general trends 
documented in MS values should remain the same if sensitivity and secondary alteration 
effects are not an issue. 
3.5.2. Phytolith Assemblages, Magnetic Susceptibility Signature, and Climate Indices 
 Pollen studies from the southeastern United States suggest a relatively stable 
climatic period from 6,000 yrs B.P. to present, as indicated by the decline of xeric species 
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and expansion of southern oak-pine-hickory forests (Whitehead, 1972; Watts, 1980; 
Delcourt et al., 1993; Watt and Hansen, 1994; Givens and Givens, 1997). Over the past 
few decades, however, interest in climate variability on shorter time scales has increased 
(Poore et al., 2004; Otvos, 2005; Richey, 2007; Knox, 2008). Such climate variability 
reflects local and/or regional changes in temperature and precipitation. One particularly 
important effect of this variability is the influence on widespread fluvial processes and 
subsequent impacts on runoff, sediment delivery, and flooding. 
The paired sedimentological and phytolith record from Catahoula Lake cores 
CLR1 and CLR3 clearly demonstrates several significant shifts in lake conditions and 
associated vegetational patterns during the latest Holocene. The low-lying nature and 
location of Catahoula Lake cause the area to be highly sensitive to changes in regional 
river levels (e.g., Ouachita and Mississippi Rivers) and discharge, as evidenced by the 
present-day seasonal rising and lowering of lake levels. In turn, the streams and bayous 
that feed and drain the lake are the primary control on this hydrological regime. 
Variations in MS and LOI primarily reflect the processes affecting the lake 
hydrology and terrestrial input into the lake, as driven by regional and local basin-wide 
fluvial changes (Tite and Linington, 1975; Oldfield et al., 1983a; Thompson and Oldfield, 
1994; Last and Smol, 2001). These fluvial changes are highly influenced by changes in 
the timing, seasonality, and amount of precipitation over time. The MS signature, in 
particular, is both a measure of climate change and sediment provenance. For example, 
periods of increased precipitation are associated with enhanced deposition of terrestrial 
detritus into the lake. Therefore, deposits with higher MS values represent increased soil 
erosion, run-off, and wetter conditions. In contrast, drier climatic conditions are marked 
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by lower MS values and reflect diminished detrital input from the surrounding catchment. 
Pairing LOI with MS data provides additional information regarding the depositional 
history of the lake. In addition, phytolith assemblages are governed by the lakebed 
ecology and are considered to be a local representation of vegetation growing in and 
around the lake at the time of deposition. Therefore, both sedimentological and phytolith 
records from Catahoula Lake are a function of precipitation and aridity, respectively. 
The periods of increasing and decreasing MS documented at Catahoula Lake 
appear to represent 1,000 to 1,500 yr quasicyclic variability in lake hydrology. Notable 
MS increases occur at > ~4,500 yr B.P. (Core CLR1), 4,000-3,000 yr B.P., 2,100-1,500 
yr B.P., ~1,000-550 yr B.P. (Core CLR3), and ~250 yr B.P. (Core CLR1) (Fig. 3.5). The 
impacts of changing precipitation patterns, such as an increase in regional precipitation 
and higher river levels would explain the extended periods of higher, more stable lake 
levels at Catahoula Lake during those times. An exception is the peak at ~0.2 m recorded 
in CLR1 (Fig. 3.5), which may be related to increased anthropogenic influence in the 
region. This sharp effect is missing in CLR3. 
The MS record from Core CLR1 has low initial MS values (Fig. 3.5), low % 
water, and high % organic (Fig. 3.7), suggesting lower lake levels during the period prior 
to ~4,500 yrs B.P. The higher percentages of saddle and cone phytoliths (Fig. 3.8) further 
indicate that lake levels were low enough to allow species of Cyperaceae and 
Chloroideae (C4) flood-tolerant grasses such as Leptochloa fascicularis to flourish. In 
addition, the higher percentage of bilobate-type phytoliths indicates a higher influence of 
grasses growing in the surrounding forest environments. As the MS increases, the 
bilobate-types peak then decrease, while rondels and rectangle/triangle-types increase. 
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This interval may represent the end of the Hypsithermal Period, as the lake transitions out 
of a warm, dry climate interval into a moister climate regime. In fact, Delcourt et al. 
(1993) claimed that the southeastern U.S. witnessed an increase in post-Hypsithermal 
precipitation and overall moisture by ~6,000 yrs B.P. 
Cores CLR1 and CLR3 both demonstrate significant changes within Phytolith 
Zone 1 (from ~4,500 to 1,900 yrs B.P.). These changes are particularly evident where 
shifts in phytolith assemblages occur concomitantly with increasing MS and LOI values. 
Periods of increasing lake level conditions are documented in core phytolith assemblages 
by increases in overall grass percentages, specifically increases in Pooideae (C3) grasses 
(i.e.; rondel, rectangle/triangle, and wavy trapezoid phytoliths). The higher MS values 
document the initial rise of lake levels, while higher % water and % organics indicate 
flooding and eventual settling of suspended fine-grained particles. As lake levels remain 
high, MS values tend to decrease, representing decreased detrital influx, in part due to 
more established vegetation cover stabilizing soils. Additionally, during prolonged 
periods of higher lake levels (in particular, from ~3,000 to 2,000 yrs B.P.), bilobate-types 
and non-grass phytoliths are less abundant. These phytolith types are predominantly 
produced in the surrounding bottomland hardwood forest and scrub-shrub vegetation 
environments (See Chapter 2). 
The events occurring in Phytolith Zone 2 (from ~1,900 to 500 yr B.P.) represent 
an overall period of transition from high, stable lake levels (from ca. 2,100 to 1,500 yr 
B.P.) to the lower and often fluctuating levels prevalent today. MS values decrease with 
lowered lake levels, which eventually allow encroachment of shrubs and trees onto the 
lakebed. This is evident from the initial peak and then decline in MS values and bilobate-
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type phytoliths, and higher overall percentages of non-grass phytolith types (i.e. sphere, 
blocky) throughout this period. In addition, lower lake levels would support flood-
tolerant grass mats in and around the lakebed as documented in the rise of C3 grasses 
throughout the interval. 
The changing lake hydrology may be explained by the influence of millennial-
scale climate forcing, most notably, the ~1,470±500 yrs cyclical events documented in 
marine cores (Bond, 1997, 2001), pollen data (Viau et al., 2001) and the GISP2 
Greenland Ice core data set (O’Brien et al., 2005). These events have been linked to 
changes in ocean-atmosphere patterns and solar variability throughout the Holocene (e.g., 
Lund and Curry, 2004; Mayewski et al., 2004; Poore et al., 2004). My study demonstrates 
that the initial changes documented in the cores from ~5,000 to 4,000 yr B.P. are 
coincident with a widespread change in pollen assemblage data and the establishment of 
cooler, more mesic conditions in the coastal and southeastern United States (e.g. Givens 
and Givens, 1983; Bryant and Holloway, 1985; Viau et al., 2002; Goman and Leigh, 
2004). In addition, the periods of higher lake levels roughly correspond to changes 
documented in continental hydrological records. For instance, evidence for episodic Gulf 
of Mexico ‘floods’ was presented by Brown et al. (1999) based on increases in abundant 
clastic sediments and a change in faunal assemblages in the Orca Basin. These events 
occurred at ~4,700 cal B.P., 3,500 cal B.P., 3,000 cal B.P., 2,500 cal B.P., 2,000 cal B.P., 
1,200 cal B.P., and 300 cal B.P. Furthermore, work by Knox (1988, 1996, 2008) and 
Kidder (2006; Kidder et al., 2008) documented an increase in flood frequency and 
amplitude in both the upper and lower Mississippi River Valley as a result of these 
climate shifts. Archaeological and morphological features support this finding by 
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documenting especially large flood events between 6,000 to 4,500 cal B.P. and 3,000 to 
2,400 cal B.P. (Kidder, 2006; Kidder et al., 2008) Data from Knox (2008) also identified 
an additional event in the upper Mississippi River Valley at ca. 1,200 cal B.P. This flood 
event was not documented in the Upper Tensas Basin in the northeast portion of 
Louisiana; instead, Kidder et al. (2008) identified a flooding event from ~1000 to 800 cal 
B.P. that appears to be geographically limited. The proximity of Catahoula Lake to this 
basin may explain the slight increase in MS values observed in CLR3 during this period. 
The magnitude of change, however, is less than previous MS shifts. 
The documented change in phytolith assemblages, MS, and sediment 
characteristics in the uppermost 0.5-0.4 m of both cores further indicate hydrological 
changes in the lake. These changes are documented as increases in non-grass and 
bilobate-type phytoliths, higher % organics, with initially high MS values (particularly in 
CLR1) indicating a rise in shoreline lake levels and inundation of the already established 
forest vegetation. Russell (1942) showed that the artificial levees built along the 
surrounding rivers such as the Black, Red, and Mississippi Rivers during the mid- to late-
1800’s drastically altered the location of the Catahoula Lake shorelines, raising them as 
much as ~7 m above normal, especially during high water events. In fact, an increase in 
the SARs, as documented by 
210
Pb data, may be a result of the influence and increase of 
human activity in the past ~200 yrs (i.e., increased agricultural practices, logging, 
artificial levees, and the US Corp of Engineers Diversion Structure built in 1972). 
3.6. Conclusions 
 In this chapter, the organic and inorganic sediments of cores are examined to 
provide a better understanding of the history of hydrological and vegetational change 
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from the Catahoula Lake area, Louisiana, during the latest Holocene interval (~4,500 yrs 
B.P. to present). Interpreting lake hydrology in large open basins can be problematic. 
However, with the use of multiple proxies (magnetic susceptibility (MS), loss-on-ignition 
(LOI), and phytoliths) the Catahoula Lake record reveals that significant variability in 
lake levels occurred. These lake level changes include 1) a transition from low to more 
fluctuating levels prior to ~4,000 yr B.P., 2) higher overall lake levels from 4,000 to 
2,000 with stability at 3,000 to 2,000 yr B.P.; 3) a transition from high to lower lake 
levels ~1,900 to 500 yr B.P., with a short increase at around 850-800 yrs B.P.; and 4) 
increased sedimentation rates and establishment of fluctuating lake levels influenced by 
anthropogenic impacts on the surrounding drainage basin. 
 Furthermore, the MS results are interpreted in terms of quasi-cyclic flood events 
occurring in response to well-established climate changes of intervals at approximately 
1,500 years (Denton and Karlén, 1973; O’Brien et al., 1995; Bond et al., 1997, 2001; 
Viau et al., 2001; Mayewski et al., 2004). In addition, cores CLR1 and CLR3 are 
correlated effectively using both MS datasets and shifts in phytolith assemblage data. The 
similarities between the two sites indicate that the climatic and depositional processes 
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CHAPTER 4 
STABLE-CARBON ISOTOPE COMPOSITION OF CATAHOULA LAKE 
ORGANIC MATTER (OM): AN ASSESSMENT OF RECONSTRUCTING C3/C4 
VEGETATION SHIFTS (WITH PAIRED PHYTOLITH ASSEMBLAGES) 
 
4.1. Introduction 
 The latest Quaternary history of vegetation dominance and hydrology of 
Catahoula Lake is all but unknown. The present-day observation of the annually 
fluctuating lake hydrology leads to the assumption that the lake levels have fluctuated in 
this manner since the formation of the lake. Today’s fluctuating lake hydrology strongly 
influences the concentric vegetation zones growing in and around the lake. An ideal way 
to investigate the history of the lake hydrology is to reconstruct the lakebed and 
surrounding vegetation. Fossil pollen provides evidence of vegetation changes, but may 
not provide the most accurate reconstruction of local vegetation due to post-depositional 
affects such as oxidation and transport mechanisms, mainly wind and water, that may 
indicate a more regional record of change (e.g.; Piperno, 2006). Thus, alternative proxies, 
both geochemical and paleontological, have proven useful in paleovegetation studies, 
especially in the absence of, or in addition to, pollen data. 
The objective of this paper is to use two complimentary techniques, elemental 




N) composition of bulk organic 
matter (OM) and phytolith analysis to document changes in vegetational dominance in 
and around Catahoula Lake. A ~4,500-yr B.P. record of vegetational changes can then be 
used to infer lake hydrological history and associated climatic events for the region. 
4.1.1. Organic Matter (OM) Geochemistry and Phytoliths 
Plants photosynthesize using different photosynthetic pathways, namely, the 
Calvin-Benson cycle of C3 plants and the Hatch-Slack pathway of C4 plants. The 
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different photosynthetic pathways are a direct way to identify differences in species 
ecology and vegetation types and are identified based on their 
13
C-values. Typical 
carbon isotope values from C3 plants (trees, shrubs, some forbs, and temperate grasses), 
have an average of ~ -27‰ (ranging from -35 to -22‰), while C4 plants (warm season 
grasses and sedges), have an average isotopic signature of ~ -13‰ (ranging from -8 to 
17‰) (Bender, 1971; O’Leary, 1981; Smith and White, 2003). It is important to note, 
however, that there are issues in determining overall plant composition because lake 
plankton and algae have 
13
C values that vary from -8 to -30‰ (Meyers, 1994; 1997; 
2003; Dean and Stuiver, 1993). 
Identifying these carbon isotopic shifts can be important in reconstructing 
paleoclimate because plants respond differently to variations in temperature, moisture 
availability (i.e. lake levels), fire frequency, grazing, and atmospheric CO2 concentrations 
(Tieszen et al., 1997). Previous studies have utilized the C3/C4 isotopic separation as a 
method to reconstruct forest/grass transitions (e.g.; Tieszen and Archer, 1990; McPherson 
et al., 1993). More recently, the 
13
C ratio is paired with the relative abundance of grass 
phytoliths, produced by subfamilies Pooideae (C3), Panicoideae (C4), and Chloridoideae 
(C4), to evaluate C3/C4 plant dominance in grassland environments (e.g.; Nordt et al., 
1994; Fredlund and Tieszen, 1996; Fredlund and Tieszen, 1997; Kelly et al., 1998; Smith 
and White, 2003). It is generally recognized that grasses in the Panicoideae subfamily 
grow well in humid tropical and subtropical environments. Chloroideae have a wider 
distribution, but are commonly found in warm and relatively dry climates, and C3 grasses 
(including Ehrhartoideae and Pooideae), prefer wet and cool conditions (Twiss, 1992; 
Fredlund and Tieszen, 1994). 
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These subfamilies are all well-represented at Catahoula Lake. Chapter 2 
established the modern distribution of these grass subfamilies within the lakebed and 
indicated that each subfamily thrived in specific lakebed environments. Briefly, 
Panicoideae grasses thrive in the frequently flooded bottomland hardwood forest (BHF) 
and disturbed environments, while Chloridoideae and C3 grasses thrived in moist, scrub-
shrub and lakebed environments. 
The organic matter (OM) present in lacustrine deposits can provide a record of 
sediment origin and vegetational history. In most cases, two main sources of OM can be 
distinguished; 1) aquatic plants and organisms, and 2) terrestrial debris from the 
surrounding watershed. Elemental C/N ratios have been successful in identifying the 
origins of organic matter (e.g.; Meyers, 1994; 2003). As noted previously, this is 
particularly important in lacustrine environments where the OM in sediments originates 
from many sources (i.e. riverine input, watershed, and lake plants). Organic matter has 
characteristic C/N values that can be used to differentiate between these sources. In 
general, algae have low C/N ratios, ranging between 4 and 10, while vascular plants 
demonstrate much higher ratios > 20 (Meyers, 1994; Meyers and Lallier-Vargés, 1999). 
Therefore, periods of C/N increases have been interpreted as a result of increased 
terrestrial input, while decreases have been attributed to increased algal organic matter 
(Kaushal and Binford, 1999). 
Information regarding the origin of organic matter can be determined further from 
nitrogen isotopic composition (
15
N; Talbot, 2001). The identification of sources is based 
on the difference between plankton (
15
N ~+8‰) and C3 land plants (
15
N ~+1‰) 
(Meyers, 2003; Meyers and Verges, 1999). Additional factors, such as increases in 
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nitrogen-fixing bacteria and agricultural runoff, may complicate 
15
N interpretation; 
however, pairing with other data may add further value. 
By contrast, the stable-carbon isotopic signature of soil organic matter (SOM) has 
been shown to reflect the 
13
C composition of plant material entering the watershed (e.g. 
Meyers and Lallier-Verges, 1999). This interpretation is possible because 
13
C values 
recorded in both lacustrine and terrestrial OM largely represent plant distribution and 
overall vegetational communities (Nadelhoffer and Fry, 1988; Meyers, 1994; Kaushal 




N, and C/N data the OM preserved in Catahoula Lake cores can be used 1) to 
interpret changes in vegetation dominance (i.e.; grassland shifts, forest 
expansion/contraction) and 2) to evaluate the sources of OM in the sediments deposited 
throughout time. 
4.2. Site Description and Methodology 
4.2.1. Catahoula Lake, Louisiana 
 Catahoula Lake is a large, freshwater lake located on the far western edge of the 
Lower Mississippi River Alluvial Valley in LaSalle and Rapides Parishes near Jena, 
Louisiana (Fig. 4.1). The lake itself is 19.3 km long and 6.6 km wide during high water 
conditions, where it is bounded by Miocene uplands on the northwest and by natural 
levees of the Mississippi on the southeast and Red River on the east (Russell, 1942). The 
lake has annually fluctuating water levels ranging from nearly dry to 3-6 meters deep 
(Michot et al., 2003). The Little River, French Fork of the Little River, and Big Saline 
Bayou control water levels. They are located on the west, east, and north parts of the lake 
and either drain or fill the lake, depending on the water levels in the surrounding drainage 
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systems. For instance, if the Red, Black, Tensas, or Mississippi Rivers are low, lake 
drainage occurs through Little River. During high water levels in the spring and summer 
months, Little River fills the lake, whereas drainage of the lake occurs through Old River 
at Big Saline Bayou, French Fork of Little River, and smaller bayous (i.e., Indian Bayou, 
Alligator Bayou, Willow Springs) to the south and east of the lake. The region has a 
moist, sub-tropical climate.  The average annual precipitation is ~1.5 m with a mean 
annual temperature of ~19 °C (Louisiana Sate Office of Climatology). 
 
Fig. 4.1. Bathymetric map of Catahoula Lake and its associated rivers, streams, and 
bayous. In addition, the three coring sites are plotted on the map. Bathymetric data from 
Michot et al., 2003. 
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The origin and history of the lake is poorly known. The commonly accepted 
geological interpretation by Fisk (1938) suggests that it is present due to its location 
between the Miocene upland terraces on the northwest and the natural levees flanking the 
lake to the southeast. 
 Catahoula Lake vegetation is primarily governed by fluctuating lake levels and is 
manifested by concentric zones of vegetational communities: bottomland hardwood 
forests (BHF), shrub-scrub, and emergent lakebed. The BHF consists of sweetgum 
(Liquidambar styraciflua), oaks (Quercus spp.), deciduous holly (Ilex decidua), 
hackberry (Celtis sp.), and ash (Fraxinus spp.). The ground cover is primarily grasses, 
herbs, and vines. Closer to the lakebed, cypress (Taxodium distichium) and tupelo gum 
(Nyssa sp.) become abundant. The size and shape of these species are an indication of 
lake level conditions, with more swollen buttresses closer to the margin of the lake 
(Brown, 1943). The scrub-shrub zone is defined by the presence of trees and shrubs, 
including swamp privet (Forestiera aquatica), water planer (Planer aquatica), water 
locust (Gleditsia aquatica), cypress (T. distichium), and willow (Salix sp.). These species 
tend to decrease in height toward the lakebed. Groundcover is sparse but includes grasses 
and herbs. The lakebed, when exposed, supports many species of grasses and sedges (i.e. 
Paspalum distichium, Luziola fluitans, and Cyperus spp.). When lake levels are 
intermediate, flood tolerant species such as arrowwood (Sagitarria latifolia), water millet 
(Echinochloa walteri), and mudplantain (Heteranthera limosa) thrive, and during high 
lake levels aquatic plants are found throughout the lake. Lacustrine algae thrive in both 
high and low water environments, but grow extensively on the moist, exposed lakebed 
when lake levels are low. 
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4.2.2. Sampling 
Three cores were recovered from Catahoula Lake (Fig. 4.1). Cores CLR1 (3.85 
m) and CLR2 (4.2 m) were recovered with a Vibracorer in October 2004, from the 
northern and southern parts of the lake, respectively. Water levels were low and the 
lakebed was exposed during that time. In August 2005, a 3.2 m sediment core (CLR3) 
was recovered from the permanently wet, central area of the lake.  Sediment sub-samples 
were taken from the cores for elemental, isotopic, and phytolith analyses. Magnetic 
susceptibility (MS) was measured using a Bartington susceptibility bridge at 0.2 m 
interval. Five organic samples were submitted to Beta Analytic for radiocarbon dating; 
one sample from Core CLR1 and four samples from Core CLR3. No datable material was 
recovered from Core CLR2. 
4.2.3. C/N and Stable Isotopic ( 13C and 15N) Ratios 
 The isotopic analyses were performed on bulk sediment by Dr. Brian Fry at the 
LSU Coastal Studies Institute using a Thermo Finnigan Delta Plus XP Isotope Ratio 
Mass Spectrometer with an on-line elemental analyzer. Cores were sampled at every 10 
cm intervals, dried, and then treated with 10% HCl to remove any calcium carbonate 
present in the samples. Residues were then rinsed with distilled water, centrifuged, and 
decanted several times until neutralized. They were then dried in a drying oven at ~70 ºC 




N) results are expressed 
conventionally in per mil (‰) and are reported relative to the international Vienna PDB 
standard for carbon and atmospheric nitrogen. Samples with duplicate measurements 
show standard deviations with analytical precision of ±~0.20 molar percent for C/N ratios 






 The difference in organic carbon contributions to the lake OM was determined 
from C/N and 
13
C values using a three-source mixing model where lacustrine plankton 
(C/N = 4.5, 
13
C = -29‰), C3 SOM (C/N = 15, 
13
C = -27), and C4 SOM (C/N = 10, 
13
C = -13) were the dominant sources chosen. There are additional sources that may 
contribute to C/N values from the lake core OM, such as C3 and C4 plant matter. 
However, the contribution from these sources is assumed to be negligible compared to 
the other three sources for the purpose of this model. The following three equations are 
used: 
f1 + f2 + f3= 1                                                   (1) 
f1 *
13
C1 + f2 *
13
C2 + f3 *
13
C3 = observed 
13
C of the sample          (2) 
f1 *C/N1 + f2*C/N2 + f3*C/N3 = observed C/N ratio of the sample        (3) 
where, 
f is equal to the fraction of the source contribution and the three sources, lacustrine algae, 
C3 SOM, and C4 SOM, are represented by subscripts 1-3, respectively (Fry, personal 
communication; Fry, 2006). The percent contribution of each source (lacustrine plankton, 
C3 SOM, and C4 SOM) is calculated and an average is determined over the entire core. 
4.2.4. Downcore Phytolith Assemblages 
Each core was sampled for 5-10 grams of sediment at 0.2 m intervals.  In areas of 
distinct sedimentological changes, a sample at 0.1 m interval was taken.  Samples were 
processed using a modified version of the standard phytolith procedures developed by 
Pearsall (2000).  The sediment was weighed, dried, and weighed again.  The samples 
were placed in a 500 mL beaker, disaggregated using 5% calgon solution, and allowed to 
settle for 24 hours.  In order to remove fine clay particles the samples were decanted and 
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refilled with dH2O every 2 hours. They were then placed in 50 mL glass centrifuge tubes 
and underwent acid treatments of 10% HCl and a nitric acid waterbath, to remove 
carbonates and organics, respectively. If after the nitric acid treatment, further removal of 
organics was necessary, drops of KCl were added to the samples. The coarse and fine 
fractions (5-20 μm and 20-63 μm, respectively) were separated by gravitmetry. 
Phytoliths were separated by floatation in a heavy liquid (s.g. 2.35) and residues were 
permanently mounted on glass slides with Norland Optical Adhesive. 
Slides were counted on a Leica transmitted light microscope with a Motic camera at 
400x magnification. At least 300 phytoliths were counted per depth interval and this 
included noting the presence of diatoms, sponge spicules, and chrysophytes. Phytolith 
morphotypes observed were identified and named using the method described in detail in 
Chapter 2. 
Basic grass phytolith morphological classification is modified from the scheme of 
Twiss et al. (1969) and Twiss (1992), with up-dated descriptors by Fredlund and Tieszen 
(1994) and Thorn (2004). The early taxonomic nomenclature of grasses proposed by 
Twiss et al. (1969) defines morphotypes based on those most commonly produced from 
the subfamilies Panicoideae, Chloroideae, and Pooideae. Even though studies have 
shown that there are some exceptions to these morphotype groups (i.e.; multiplicity and 
redundancy, Iriarte, 2003; Lu and Liu, 2003; Piperno, 2006), it is well-established that 
these grass subfamilies have distinct growing conditions and can be used to infer 
paleoclimatic changes. Other grass (e.g.; bulliform, elongate forms) and non-grass (e.g.; 
epidermal cells, blocky, sedge-types) forms were identified and named following Bozarth 
(1992) and Piperno (1988, 2006). All phytolith forms were identified and counted, and 
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percentages were then calculated and included in the database. The phytolith percentages 
were plotted and evaluated in two ways: 1) variations in the C3/C4 percentages, and 2) 
overall shifts in grass/non-grass percentages. 
4.3. Results 
4.3.1. Core Sediment Lithologies and Chronology 
 The lithology and chronology of Catahoula Lake cores has been discussed 
extensively in Chapter 3 and a brief summary is included here. The sediment in Core 
CLR1 and Core CLR3 is primarily lacustrine silty mud and contains few discernible 
sedimentary structures. Core CLR2 has two distinct sediment packages. The uppermost 
1.9 meters is predominately a silty mud, while the lowermost core has a higher 
percentage of fine sand to silt content with small silty clay lenses at 3 and 3.8 meters. 
Five AMS dates, on organic material (leaves/twigs), show that the record extends 
below ~3790 ±40 
14
C yr (~4200 cal yr BP) in CLR3 and CLR1. Age was further 
constrained and correlated between the two cores using MS bar logs that allowed for age 
extrapolation between cores (see Chapter 3). In addition, four sections of linear 
sedimentation rates (LSRs) were determined for CLR1 and CLR3 based on the MS 
correlations and radiocarbon ages (Fig. 4.2). The first and second sections (~4,100- 3,900 
Cal. yrs B.P. and ~3,900-~2,730 Cal. yrs B.P., respectively) exhibit LSR of ~0.018-0.031 
cm yr
-1
 and ~0.061-0.069 cm yr
-1
, respectively.  The LSRs for the third section (~2,730-
2,535 Cal. yrs B.P.) are ~0.09-0.1 cm/yr.  The fourth section (~2,535-recent Cal. yrs B.P.) 
of LSR was determined by assuming a recent age at the top of the cores (based on the 
presence of excess 
210





Pb provided LSRs in the upper 0.2 m for all three cores, 
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indicating LSRs of 0.4773 cm yr
-1
 for CLR1, 0.1350 cm yr
-1
 for CLR2, and 0.341 cm yr
-1
 
for CLR3 (Fig. 4.3, Table 4.1). Increased LSRs in the upper portion of the cores may be a 
result of the increase in land clearing and the construction of a diversion canal by the U.S. 
Corps of Engineers in 1972. 
 
 
Figure 4.2. Time-depth plot of 
14
C ages. Numbers plotted along profiles are sediment 
accumulation rates in cm yr
-1
. Ages and error estimates are listed in Chapter 3, Table 3.2. 
 
4.3.2. Organic Matter 
 All three cores have low organic matter values (%LOI) ranging from 2-13%. 
(Refer to Fig. 3.7 and Table 3.2 in Chapter 3). Overall lower values are recorded in Core 
CLR3, the deepest core location within the lake, indicating the importance of sediment 
re-deposition from shallower locations. In general, higher amounts of organic rich 
sediment are deposited in areas of Catahoula Lake that have a greater influence of 




Figure 4.3. Catahoula Lake cores. Excess 
210
Pb activity, dpm/g (decay per minute per 
gram) is plotted on the x axis and depth is plotted on the y axis. Solid lines represent the 
linear best fit to the data. 
 
Table 4.1. Measured excess 
210
Pb activity (dpm/g) from Catahoula Lake cores. 
Core Site Depth (cm) Excess 
210




































Elemental and carbon stable-isotope data further discriminate organic-carbon 
sources in Catahoula Lake and further constrain the interpretation of C3/C4 phytolith 
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ratios. The three-source mixing model calculates the dominant source of organic matter 
impacting the sites, while the data plot of atomic C/N- and 
13
C-values from cores CLR1, 
CLR2, and CLR3 illustrates the differences among all three core (Figure 4.4 and 
Appendix C1, C2, and C3). Lacustrine algae, averaging 52% over the entire core, is the 
dominant source for Core CLR1 with both C3 and C4 SOM contributions. C3 SOM is 
more dominant from 3.1 to 0.8 m, while C4 SOM contribution is higher from 3.9 to 3.2 m 
and 0.7 to 0.2 m (Appendix C1). The average sources for Core CLR2 include lacustrine 
algae (58%), C4 SOM (39%), and C3 SOM (3%). Highest dominance of C4 SOM 
occurred from 4.5 to 2.4 m, while lacustrine algae dominated from 2.5 to 0.4 m, and C3 
SOM was an important influence in the 0.3 m of the core (Appendix C2). In contrast, 
Core CLR3’s dominant source is C3 SOM with an average of 57% (Appendix C3). 
Using the results from the mixing model, the small differences observed in the 
cores C/N ratios can be interpreted in more detail. The C/N ratios, in sediments from 
CLR1, have values ranging from 6 to 12, indicating dominance of lake-derived organic 
matter such as algae. Values from CLR2 are the most variable, ranging from 3 to 11, but 
still indicative of a strong lacustrine algal influence. C/N values in sediments from Core 
CLR3 are clustered more tightly, ranging from 9 to 13. These values indicate a stronger 
influence from terrestrial-derived C3 SOM with lake-derived organic matter. 
For all three cores, 
13
Csom values vary between -28‰ and -15‰ (Figs. 4.5a, 4.5b, 
and 4.5c). Core CLR1 shows 
13
C -values of ~-28 to -21‰, with the lowest values 
documented in the lowermost (3.6-3.2 m) and uppermost (0.5-0.2 m) sections of the core. 





Figure 4.4. Generalized Meyers (1997) plot of 
13
C and C/N values for major sources of 
organic matter in lake sediment. Data from Catahoula Lake cores demonstrate the 
dominance of algal and C3 soil organic matter in cores, CLR1 and CLR3 and greater 
influence of C4 soil organic matter in core CLR2. Sources mapped from values reported 
in Meyers (1994) and Goni et al., (2006). 
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values for site CLR3 ranged from -28 to -25‰. The core collected from site CLR2 
exhibits the highest variability of 
13
C-values recorded, ranging from -25 to -15‰, 
indicating that C4 SOM may have a greater influence on organic matter sources. The 
chronology for this core, however, is not determined due to lack of sizable, datable 
material, so the data are presented but not discussed in detail. 
15
N values from cores CLR1 and CLR3 range from ~2.7 to 4.8‰ (Figs. 4.5a and 
4.5c). Both cores display an overall decrease (0.8‰ in CLR1 and 1.2‰ in CLR3) with an 
increase in the top 0.4 m of the core. Apart from the overall decrease, both cores have 
periods of notable change. Core CLR1 values are high and drop 1.6‰ prior to ca. 3,700 
yr B.P. They return to higher values at ca. 3,500 yr B.P and remain constant until they 
decrease and remain low at 2,550 yr B.P. The values in core CLR3 shows similar trends 
with an increase to maximum 
15
N-values of 4.1‰ at ca. 3,700 B.P. Unlike CLR1, CLR3 
values begin to decrease at ca. 3,500 yr B.P., with an average 
15
N-value of 3.2‰. CLR2 
displays an average value of 3.7‰ with the lowest overall variability and two short 
increases at 2.0 m and 0.8 m (Fig. 4.5b). Unlike cores CLR1 and CLR3, CLR2 
15
N-
values increase at 0.4 m, and then decrease by 3‰ at 0.02 m. 
4.3.3. Phytoliths 
 The vertical distribution of grass subfamily groups, Panicoideae, Chloroideae, and 
Pooideae, and grass/non-grass phytolith percentages in Cores CLR1, CLR2, and CLR3 
are shown in Figs. 4.6, 4.7 and 4.8, respectively. MS bar logs and radiocarbon dates are 
also presented alongside phytolith data. Because only CLR1 and CLR3 can be dated, they 
are described in detail in the discussion section, while the results from Core CLR2 will be 




In Core CLR1, Pooideae phytoliths display the highest relative percentages for all 
three cores (mean ~39%), Chloroideae exhibit mean values of 34%, and Panicoideae 
were the least abundant (mean ~26%). The relative percentages of grass to non-grass 
phytoliths showed little variation with a maximum of ~60% seen in both groups.  The 
mean of grass phytoliths was ~54%, while non-grass phytoliths averaged ~45% through 
time (Fig. 4.6). 
 Trends for CLR2 are as follows: Pooideae exhibit mean values of ~31%, 
Chloroideae exhibit mean values of 23%, and Panicoideae have the highest mean values 
at 46%. Grass and non-grass phytolith values fluctuated, with mean values of 48% and 
52%, respectively (Fig. 4.7). This is contrary to the other cores, where the mean grass 
percentage was higher overall. 
Core CLR3 showed similar trends in relative percentages, with Poodieae 
displaying highest values (mean at ~36%), Chloroideae and Panicoideae with a mean of 
32% and ~31%, respectively. The relative downcore percentages of grass and non-grass 
are more variable, but the mean relative percentages were similar with mean grass at 
~52% and non-grass at a mean of ~48% (Fig. 4.8). 
4.4. Discussion 
4.4.1. Organic Geochemical Data 
 The organic geochemical proxies suggest slight variations in the type of sediment 
organic matter deposited within the lakebed. Not only are there variations over time, but 
variations also occurred between lakebed depositional localities. These data illustrate two 
important points. First, LOI analysis suggests that organic matter is low overall, but 





stable isotopic and C/N ratio data indicate a mixture of three main sources, C3-lacustrine 
algal matter, and C3- and C4-dominanted soil organic matter, which need to be 
considered when interpreting the data. 
Many processes (e.g., carbonate weathering, sediment diagenesis, atmospheric 
CO2 exchange rates, organic carbon source, and lake productivity) influence the 
13
C of 
OM, especially in lake environments (Brenner, 1999). Because these factors complicate 
13
C interpretation, other proxy data are used to interpret vegetational changes and source 
material. Lake and marine sediments may be derived from both terrestrial plants and 
lacustrine organisms such as algae (Meyers, 1994; 2001; Brenner, 1999). Additional 
sources may include riparian and emergent aquatic plants. For Catahoula Lake, the 
stable-carbon isotopic data indicate that the main sources of the bulk OM is broadly 
characteristic of C3-lacustrine algae and/or plants and C3-dominated land plants. There 
are, however, periods that suggest an increase in C4 plant influence. Due to the similarity 
in 
13
C signatures between algal and terrestrial vegetation, 
13
C alone cannot be used to 
determine vegetational changes. Thus, C/N, 
15
N, and phytoliths must be used to further 
discriminate between these influences. 
The C/N-
13
C pairs from the lake form three distinct groups reflecting both intra- 
and inter-site variability (Fig. 4.4). Both cores, CLR1 and CLR3, indicate the 
predominance of organic materials mainly derived from lacustrine algae or 
phytoplankton. Nevertheless, there are indications that C3 and C4 terrestrial material 
influenced the overall isotopic and elemental OM signature preserved in the sediments by 
increasing the C/N- or 
13
C-values, respectively. Core CLR1 displayed two periods of 
increased 
13
C-values and lower C/N-values. These were prior to ca. 3,700 yr B.P. and 
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~500-250 yrs B.P. These periods can be interpreted as times when lake levels were lower, 
thus encouraging the growth of C4 grasses and causing algal mats to flourish. These 
trends were also recorded, to a lesser degree, in CLR3. In addition, the higher C/N-values 
recorded in core CLR3 indicate that although planktonic organic material dominated, 
there appears to be a localized prominence of C3 land material, most notably between ca. 
3,400-2,400 yr B.P. and ca. 1,000-500 yr B.P. 
15
N records further support these trends. 
Cores CLR1 and CLR3 consistently display a decreasing upward trend in 
15
N-
values (Fig. 4.5). The decline suggests one of two scenarios; 1) a higher contribution of 
N-fixing cyanobacteria, or 2) a change in source material. Nitrogen-fixing cyanobacteria 
rely on atmospheric N2 and have 
15
N values equal to 0‰, with a range from -2 to 2‰, 
while plants that cannot fix atmospheric N2 have values closer to soil nitrogen (ranging 
from -8 to +10‰) (Peterson and Fry, 1987). The overall 
15
N values indicate dominance 
of higher plants with some contribution from N2-fixing cyanobacteria. For instance, 
Brenner et al. (1999) noted that in four Florida lakes, the changes in primary production 
within these lakes, from oligotropic to eutropic, documented an effective increase in N2-
fixing cyanobacteria. These trophic changes however, cannot be addressed in Catahoula 
Lake without further information regarding the history of lake productivity. There are, on 
the other hand, periods in the lake history when C/N values exhibit a concomitant 
decline, indicating a change in OM source (Fig. 4.5). This decline suggests a higher 
contribution from algal-matter relative to C3 land plants. 
In addition, the higher C/N-
13
C variability documented at core sites, CLR1 and 
CLR2, demonstrates that fluctuating water levels and annual changes in vegetation 
strongly account for increased mixing. For example, during periods of high lake levels, 
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lacustrine algae are especially prevalent at these lake shoreline sites. In contrast, the open 
water site, CLR3, lacks standing and floating algal mats due to minimal lakebed 
exposure, increased surface winds, and wave action that push floating macrophytes 
towards shore. In addition, CLR3 is located in the deepest part of the lake, where 
sediment deposition is more focused and has a more regional signature of organic matter 
content. Thus, the more intermediate C/N values (greater than 10) at CLR3 imply that 
although aquatic algae contribute a portion to the organic sediments, overall isotopic 
values reflect increased dominance of C3 plants in the catchment. 
4.4.2. Mid-Holocene Events (>3,790-2,200 yrs B.P.) 
 In the Core CLR1 phytolith record, C4 lakebed grasses (Chloroideae) initially 
dominate. C4 forest-types (Panicoideae) gradually increase. This increase corresponds 
with an increase in MS and C/N ratios, ranging from 7-10 (Fig. 4.6). This period suggests 
variable lake levels defined by frequent flood and retreat of lake waters into the 
surrounding forest environment. The 
13
C values are slightly higher, further suggesting 
an increase in C4 plants. In addition, pollen records discussed in Chapter 5 indicate an 
expansion of Cyperaceae (sedges) that develop during period of fluctuating water levels 
that enhance marsh-like environments. 
 C/N ratios begin to increase between 3,500-2,500 yrs B.P. in CLR1 with the 
record from Core CLR3 displaying a similar trend of slightly higher, increasing values 
prior to ca. 3,500 yr B.P. (Figs. 4.6 and 4.8) These higher C/N ratios suggest an increase 
in the proportion of higher-plant organic matter deposited in the sediments. The rise may 
also be aided by a decrease in the influence of lacustrine algae caused by higher lake 
levels and periods of prolonged forest flooding. The phytolith data show an increase in 
 116 
the percent of non-grass phytolith types and phytoliths produced by flood-tolerant C3 and 
C4 grasses, such as Luziola fluitans and Echinochloa crusgali (Refer to Chapter 2 for 
grass phytolith production details). During this period, the Lower Mississippi Alluvial 
valley (LMV) experienced an increase in flood events that is documented between 3,000-
2,500 cal yr BP (Arco et al., 2006; Kidder, 2006; Kidder et al., 2008). Due to the locality 
of Catahoula Lake and the impact of flooding on the lake hydrology, increased flooding 
in the LMV would increase the overall fluvial input into Catahoula Lake and cause an net 





non-grass phytolith and MS increase are indicative of an increase in terrestrial matter 
brought upon by these more regional flooding events during this time. In addition, grass 
phytolith changes support the presence of more flood-tolerant species, an expected result 
if flooding has impacted the lake. 
4.4.3. Latest Holocene Events (ca. 2,200 yr B.P. to Present) 
 The C/N ratios documented at CLR3 and CLR1 demonstrate a slight decreasing 
trend. Overall, the C/N ratios decrease while 
13
C values increase. It is likely that the 
increase in 
13
C and decreasing trend in 
15
N is a result of lowered and more variable 
lake levels (Fig. 4.5). The lower C/N ratios further support increase lake level variability. 
Much like present-day conditions, during periods of lake-water drawdowns, the lakebed 
soil often maintains its moisture, allowing for a thin algal mat to thrive. In addition, more 
variable conditions would increase sediment movement from in and around the lakebed 
and shoreline environments. Phytolith data indicate higher percentages of C3 Pooideae, 
which prefer moist conditions and grow in exposed lakebed environments. The decreases 
in Panicoideae, warm BHF-types, further support this interpretation. Furthermore, the 
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increase and dominance of non-grass phytoliths during this time suggest that scrub-shrub 
habitats were encroaching onto the lakebed due to lowered lake levels. 
In the past few hundred years an increase in anthropogenic disturbance has 
affected both the lake vegetation and lake hydrology, namely the construction of massive 
levee systems in the Lower Mississippi River valley and the U.S. Corps of Engineers 
Diversion Canal built in 1972 (Russell, 1942; Bruser, 1995). During this period there are 
indications of scrub-shrub and BHF vegetation zones encroaching on the lakebed. This 
interpretted period of vegetation encroachment is supported with increases in C4 
Panicoideae, predominantly grasses that thrive in open or disturbed habitats, and peaks in 
non-grass phytoliths types documented at both core sites. In addition, the increase in 
13
C-values documented in the top section of Core CLR1 further support this C4 
dominance. Based on modern phytolith soil distribution from Chapter 2, a higher forest 
input occurs when the BHF/scrub-shrub transitional zone is in close proximity to the site 
investigated. This vegetation encroachment could be a result of more variable lake levels 
causing the lakebed to be exposed at longer intervals allowing less flood-tolerant species 
to thrive. In addition, shoreline community exposure enhances reworking of the 
surrounding soils and vegetation, increasing the amount of terrestrial organic matter into 
the lake. It is possible that these changes are enhanced by the regional increase in levee 
systems and more specifically, the Diversion Canal at Catahoula Lake, which now strictly 
regulates the lake hydrology and interferes with the natural variability. 
4.5. Conclusions 




N of bulk OM, and 
phytoliths provide enhanced interpretations of changes in the source of organic carbon 
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delivered to the Catahoula Lake sediments, which in turn provide a history of vegetation 
and lake hydrology changes. The C/N ratios and stable isotopic composition of OM 
preserved in cores collected from Catahoula Lake provide a record of two distinctly 
different periods of vegetational and hydrological changes. The first period (>3,790-
2,200 yr B.P.) is defined by high lake levels and periodic flooding events, while the 
second period (ca. 2,200 yr B.P. to present) is defined by lower, fluctuating lake levels 
and anthropogenic change.  
The data suggest that throughout the latest Holocene, the overall C/N ratios 
recorded in the lake sediment OM is predominantly a mixture of lacustrine algal and 
terrestrial plant sources. C/N-values >10 are interpreted to represent periods of increased 
terrestrial influx and/or higher lake levels. In contrast, periods with C/N-values <10 are 
indicative of lower, more variable lake levels. Alternations between C3 and C4 plants, as 
evidenced by phytolith assemblages and 
13
C-values, are further evidence for changes in 
the lake hydrology. 
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CHAPTER 5 
A ~4,500 YR B.P. PALEOVEGETATIONAL RECORD (POLLEN AND 




 The transition out of Hypsithermal (~between 5,000 to 4,000 yrs B.P.) in the 
southeastern United States is defined by the establishment of the southern oak-pine-
hickory (Quercus-Pinus-Carya) hardwood forest assemblage and an overall cooler, moist 
environment (e.g.; Delcourt and Delcourt, 1975; 1980; Whitehead and Sheehan, 1985). 
Few studies have focused on the time period after this global climatic event and it is often 
assumed that conditions were relatively stable in Louisiana and the Lower Mississippi 
River Valley (LMV). There are however, major shifts documented in cultural behaviors 
and settlement patterns in the LMV during this time period (e.g.; Neuman, 1984; 
Saunders, 1997; Kidder, 2006). Many of these archaeological studies suggest that 
changes in local environmental conditions may have played a significant role in 
documented anthropogenic shifts. 
 A general goal of this present study was to determine whether the vegetation of 
the Catahoula Lake lakebed and surrounding vegetation communities remained 
predominantly unchanged during the last ~4,500 years B.P., or whether there were 
periods when the current lake hydrology differed. More specifically goals are to, 1) 
compile a history of natural vegetation changes and compare it to 2) anthropogenic 
impact in and around the lake, to provide and assess information on human-vegetation 
interactions during this time period. 
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5.2. Study Area 
Catahoula Lake is situated along the western edge of the Mississippi Alluvial 
Valley in Jena, Louisiana, occupying portions of LaSalle and Rapides Parishes. The 
modern Mississippi River is located approximately 45 km to the east. Catahoula is 
Louisiana’s largest, natural freshwater lake, measuring, 19.3 km long and 5.6 km wide 
and encompassing 12,000 hectares (Martin, 1991). Lake water levels fluctuate annually, 
ranging from zero meters to seven meters maximum depth, with a permanently wet area 
remaining in the central portion of the lake during lowest lake levels. Lake level 
variations are driven primarily by changes in water levels associated with adjoining 
drainage systems. These include the local drainage system of the Little River, Old River, 
and smaller streams such as Devil’s Creek, Clear Creek, and Hemphill Creek (Fig. 5.1).  
The larger-scale river drainage systems include the Ouachita, Red, Black, and Mississippi 
Rivers. During their high water periods, back-swamp flooding can occur in the adjacent 
floodplains and Catahoula Lake, often preventing drainage from the lake until the 
summer when the riverine water levels subside. However, since the 1840’s, navigation 
and flood control projects have altered the natural drainage patterns of the lake (Russell, 
1942). To maintain and manage the water level, the U.S. Corps of Engineers developed a 
Diversion Canal and control structure in 1972. 
 The unique hydrological regime currently acting upon the lake plays a crucial role 
in determining the composition of the lakebed, shoreline, floodplain and surrounding 
vegetational communities. Due to the ephemeral nature of the lake, species that are more 
tolerant to flooding flourish in lakebed and shoreline communities. Slight increases in 
elevation around the lake diminish the effects of the lakes, changing the hydrological 
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regime allowing for less tolerant species to spread. If changes in the composition, 
association, and relative abundance of vegetational communities show significant 
fluctuation over time, then these communities can be used to reconstruct hydrological 
changes at Catahoula Lake. Depending on the nature of vegetation cover evolution, this 
signal could also be used as an indication of larger-scale fluvial flood events. 
 
 
Fig. 5.1. Map of study area showing coring sites located in Catahoula Lake and 
documented archaeological sites on file at the Louisiana Department of Archaeology. 
Bathymetry is based on data made available by T. Michot et al. (2002; USGS). 
 
The origin and formation of the lake is largely unknown. The western margin of 
the lake basin is formed by the Miocene highlands of the Kisatchie Wold, a cuesta that 
trends from northeast to southwest. Based on early geomorphic studies, Lerch (1893) 
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concluded that the lake resulted from backwater flooding of the Red, Black, and 
Mississippi Rivers, and poor interior drainage of the low lying basin. Fisk (1938) 
ascribed formation of the lake to present-day erosion and lack of sedimentation within a 
marginal basin created by the levees of the French Fork of the Little River and the 
Miocene highlands to the west. Russell (1942) described Catahoula Lake as a “rim-
swamp” bordered by the valley bluffs to the west and the natural levees elsewhere. These 
“rim-swamp” or backswamp environments generally have low sedimentation rates with 
seasonal flooding during periods of heavy precipitation, while other times may be 
completely dry (Saucier, 1994). Others argue that the lake basin is fault-controlled, 
particularly along its western margin (Webb, 1968). 
5.2.1. Climate 
Catahoula Lake is located in the moist, subtropical climate of Louisiana where it 
receives an average annual precipitation of ~142-155 cm (or 56-61 inches) per year based 
on 30-year records from 1971-2000 with a mean annual temperature of 18.7-19.4 ºC 
(65.7-66.9 ºF). The annual growing season is approximately 245 days (Louisiana State 
Office of Climatology). The dominant forces affecting Louisiana’s climate are the 
easterly and westerly wind belts, which are responsible for the movement of three 
dominant air masses (Maritime Tropical, Maritime Polar, and Continental Polar) and 
patterns of precipitation seen across the state. 
5.2.2. Vegetation 
 A southern oak-pine forest surrounds the lake in the Miocene uplands to the north 
and west. Upland species include; pines (Pinus spp.), oaks (Quercus spp.), hackberry 
(Celtis laevigata and C. tenuifolia), elms (Ulmus spp.), hickorys (Carya spp.), hornbeam 
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(Ostrya virginiana) and occasionally magnolia (Magnolia grandifolia) (Braun, 1950). 
These species are weakly to moderately flood-tolerant, flourishing in well-drained soils 
(McKnight et al., 1981). In addition, large pine thickets are abundant due to the 
harvesting and replanting by the timber industry. 
 Surrounding Catahoula Lake vegetation is well-documented (Brown, 1943; 
Bruser, 1995). In general, there are three main concentric vegetation zones related to 
lakebed contours and lake level variations; bottomland hardwood forests (BHF), scrub-
shrub, and emergent lakebed communities (Fig. 5.2). Each of these zones can be further 
subdivided into areas of vegetational transition. The major vegetation associations found 
within the Catahoula Lake study region will be discussed below and are based primarily 
on Louisiana Department of Wildlife and Fisheries Natural Heritage program (LNHP; 
1988; 2004). 
 The BHF surrounding the lake are specific forest communities that occur in the 
United States floodplains. They are especially common in the southeastern Mississippi 
alluvial valley where they are dominated by hardwood forest species and associated 
wetland shrub communities (USDI, 1971; Tiner, 1993). BHFs are often characterized by 
long flood periods during the winter and spring in addition to periods of wetting and 
drying throughout the year. The flooding frequency, duration, timing of soil inundation, 
and soil moisture content are the most significant factors affecting species composition 
(Turner et al., 1981).  
 Bottomland hardwood foret types located around the lake are characterized as a 
Hackberry-American Elm-Green Ash Bottomland Forest (Celtis laevigata-Ulmus  
 127 
Fig. 5.2. Map of documented vegetation zones around Catahoula Lake. Map also shows 
the rivers and streams entering and/or leaving the lake. Figure modified by M.L. Eggart 
from Bruser (1995). 
 
americanan-Fraxinus spp.) and an Overcup Oak-Water Hickory Bottomland Forest 
(Quercus lyrata-Carya aquatica) (LNHP, 1988; 2004). The Hackberry-American Elm-
Green Ash Bottomland Forest early successional plants include species such as willow 
(Salix sp.), sycamore (Platanus occidentalis), and cottonwood (Populus deltoides). The 
dominant overstory species includes oaks (Quercus spp.), water hickory (Carya 
aqautica), elms (Ulmus spp.), ashes (Fraxinus spp.), maples (Acer spp.), locusts 
(Gledistsia spp.) and sweetgum (Liquidambar styraciflua). Midstory can include 
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dogwoods (Cornus sp.), red mulberry (Morus rubra), and hawthorn (Crataegus spp.). 
Understory species are abundant with herbaceous species, such as three-seed mercury 
(Acalypha romboidea) and whitegrass (Leersia virginica), and woody vines such as 
buckwheat vine (Brunnichia cirrhosa) and grape (Vitis spp.). This community occurs in 
areas with seasonally inundated soils. The Overcup Oak-Water Hickory Forest is located 
closer to the lakebed and is often found with semi-permanently inundated to saturated 
soils. Associated species include water elm (Planera aquatica), ash (Fraxinus spp.), 
swamp privet (Forestiera acuminata), holly (Ilex spp.), hackberry (Celtis laevigata) and 
buttonbush (Cephalanthus occidentalis). The groundcover consists of sparsely scattered 
herbs and grasses. 
 The next vegetational community is a transitional area defined by the 
Baldcypress-(Water Tupelo)/Swamp privet-Planertree Swamp Forest (Taxodium 
distichium-(Nyssa aquatica)/Forestiera acuminata-Planera aquatica). Areas that are 
flooded for 3-4 months annually exemplify diversity in associated species. At Catahoula 
Lake, associated species include ashes (Fraxinus spp.), black willow (Salix nigra), water 
locust (Gleditsia aquatica), red maple (Acer rubra var. drummondii), Virginia willow 
(Ilex virginiana), and buttonbush (Cephalantus occidentalis). Understory is often sparse 
as a result of long hydroperiods. 
 Scrub/Shrub Swamp (Cephalanthus occidentalis/Carex spp.-Lemna spp.) is found 
along the fringes of the lakebed where surface water inundation is usually continuous 
throughout most of the year with the exception of a dry period in mid-to-late summer or 
during long droughts. The plant community is defined by large shrubs or trees less than 6 
m (20 feet) tall and may include willows (Salix spp.), water elm (Planera aquatica), 
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swamp privet (Forestiera acuminata), wax myrtle (Morella cerifera), and drawf palmetto 
(Sabel minor). Characteristic understory includes buckwheat vine (B. cirrhosa), 
cocklebur (Xanthium strumarium), sedges and grasses. The transition zone between the 
scrub-shrub and lakebed is defined by a reduction in shrub thickets and an increase in 
sedge and grass species. 
 The lakebed communities consist of the permanently inundated part of the lake 
dominated by arrowwood (Sagitarria lancelota), mud plantain (Heteranthera limosa), 
and water hyssops (Bacopa spp.) when water levels are low. Associated plants include 
flood tolerant grasses such as Leptochloa fascicularis, Paspalum distichium, Luziola 
fluitans and Zizania aquatica and sedges (e.g.; Echinochloa walteri). An abundance of 
submerged or floating vascular vegetation is also found in the lake. These include 
alligator weed (Alternanthera philoxeroides), duckweeds (Lemna spp.), and water milfoil 
(Myriophyllum spp.). In addition, populations of phytoplankton (e.g. diatoms and various 
algae) and freshwater sponges are abundant in Catahoula Lake and surrounding wetlands. 
5.2.4. Archaeological and Historic Setting 
 An abundance of archaeological sites dating as far back as the Paleo-Indian period 
(11,000 B.C.) are located around the lake (Fig. 5.1) (Wiseman and McClousky, 1979). 
Consequently, Catahoula Lake is a key archaeological region in the lower Mississippi 
River Valley. Most of the archaeological sites are situated along natural levees or the 
Miocene upland, with the largest sites located along the mouth of the Little River and the 
eastern Catahoula lakeshore (Willis; 1965; Gibson, 1966; Webb, 1968). Locations of 
these archaeological sites have been used to infer a maximum paleoshoreline location of 
~12 m (40 feet above sea level) in the lake basin (Russell, 1941). 
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 During the mid-1700s, French and Spanish settlers established permanent 
residences in Catahoula and LaSalle Parishes. However, prior to 1860 A.D., Catahoula 
Lake remained largely unsettled because it was considered too low-lying to provide good 
farmland (Jeter et al., 1989). In the uplands, it was not until 1910 that the Catahoula Lake 
area became an important site, as the lumber industry started to grow and harvest both 
pine and hardwoods (Kerr, 1963). 
 In addition, Catahoula Lake is one of only 10 sites in the United States designated 
as a Wetland of International Importance by the Ramsar Convention (Louisiana 
Conservationist, 1992). The lush vegetation provides ample food and habitat for 
migratory waterfowl, attracting hunters and birders alike. Today, large fish populations 
attract both sport fisherman and commercial fishing operations. 
5.3. Materials and Methods 
5.3.1. Sampling 
 Three cores were recovered from Catahoula Lake.  Catahoula Lake Cores 1 and 2 
(CLR1 and CLR2) were recovered using a vibracore; length measuring 3.8 m and 4.2 m, 
respectively (Fig. 5.1). The CLR1 coring site is located in the northernmost part of the 
basin adjacent to Mosquito Bend. In contrast, CLR2 was retrieved from the southern part 
of the lake at Stock Landing. Catahoula Lake Core 3 (CLR3) (Fig. 5.1 and Figs. 5.4a and 
5.4b) was recovered using a Livingston corer and measured 3.2 m long.  The sampling 
site is located in the permanently wet area of the lake (maximum water depths is 9 m). 
After retrieval, the cores were split into working and archived halves. Samples were 
taken at 0.2 m intervals, unless otherwise stated, for both extraction procedures. Pollen 
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and phytolith processing was carried out at the Center for the Excellence in Palynology 












Figs. 5.4a and 5.4b. Jason Knowles, Terry McClosky, and Rebecca Tedford using the 
Livingston corer to retrieve Catahoula Lake core, CLR3. This core is located in ~1 m 
water depth in the central, permanently wet area of the lake, during period of lowered 
lake levels. 
 
5.3.2. Phytoliths and Pollen 
 Standard pollen processing procedures followed Faegri and Iverson (1975) with 
slight modifications when necessary.  Sediment samples of ~1 cm
3
 were collected from 
all cores at 0.2 m intervals. Due to poor preservation in Core CLR2, pollen concentration 
dropped to very low values at ~2 m. Because of the low concentrations, the entire slide 
was counted to identify pollen grains present. Due to preservation issues in core CLR2, 
samples were taken only at 0.6-1 m intervals for the bottom half of the core. Two 
Lycopodium marker tablets (batch number 124961 with 12,542 spores per tablet) were 














After processing, a drop of sample from each vial was mounted in glycerin jelly on a 
slide. Three slides were made for each terrestrial palynomorph sample. In addition, 17 
samples were sent for processing to Global GeoLab Unlimited. Starting at a depth of 0.9 
m, the 12 additional samples sent for processing from Core CLR3 provided a sampling 
interval of 0.1 m. 
The phytolith extraction method followed a modified version of Pearsall (2000). 
Each core was sampled for 5-10 grams of sediment at 0.2 m intervals. Samples were 
weighed, dried, weighed again and then deflocculated in 5% calgon solution for 24 hours, 
and then decanted and refilled with distilled H2O (dH2O) every 2 hours to remove fine 
clay particles. Samples were then treated with 10% HCl to remove carbonates, and then 
rinsed with dH2O until neutralized. The residues were placed in centrifuge tubes, placed 
in a hot water bath, and treated with concentrated nitric acid to remove organics. The 
samples were then rinsed (~4-5 times) with dH2O to neutralize. The coarse and fine 
fractions (5-20 μm and 20-63 μm, respectively) were separated using a gravity 
sedimentation method (Pearsall, 1989). Phytoliths were then separated from inorganic 
silica by heavy liquid flotation with a 2.3 g/cm
3
 specific gravity. The residues were 
mounted on glass slides with Norland Optical Adhesive for counting and identification. 
 Pollen and phytolith slides were counted on a Leica transmitted light microscope 
with a Motic camera at 400x magnification until ~300 grains were tabulated. All 
phytolith types were identified and included in the percentage data. Shifts in the 
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percentages of C3 and C4 grass phytolith types along with the fluctuations in the 
grass/non-grass phytolith types ratio are of particular importance. They provide 
additional information on vegetational community dominance. The presence of other 
biosilicious fossils (i.e.; diatoms, sponge spicules) was noted in phytolith slides. For 
pollen counts, arboreal, non-arboreal and aquatic pollen types were counted (See Plates 
Ia-b and II for examples of pollen). Aquatic, terrestrial or marker spores were not 
included in the pollen sum. The total number of unknown pollen grains was tabulated 
separately from the amount of indeterminables and included in the pollen sum. 











 to provide an indication of downcore preservation 
(Appendix D1 and D5; Cushing, 1967a; Delcourt and Delcourt, 1980). 
 The contemporary vegetation and surface sample study presented in Chapter 2 
provide a modern analog for phytolith analysis and preservation. At present, few 
phytolith analogs exist world-wide (e.g.; Bozarth, 1992; Carnelli, 2004; Wallis, 2004; 
Strómberg, 2005) and no analogs exist for the southeastern United States. The results 
from Chapter 2 provide a key to phytolith production and distribution in and around the 
lakebed that can be compared with the downcore lake assemblages.  
The TILIA spreadsheet and TILIA GRAPH programs were used to construct 
phytolith and pollen diagrams. Constrained incremental sum of squares cluster analysis 
                                                
1
 Pollen grain had loss of sculpturing due to biological oxidation 
2
 Pollen exine is etched, pitted, or thinned from subaerial exposure. 
3
 Pollen grains were broken due to transport, wetting/drying cycles. 
4
 Pollen grains were hidden by other material (mostly amorphous organics or clays) 
5
 Pollen grain was folded or crumbled due to drying or compaction of sediment 
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was performed to identify pollen assemblage zones (PAZs) and therefore environmental 
assemblages using the TILIA CONISS program (Grimm, 1987). 
5.3.3. Magnetic Susceptibility 
 All three cores were sampled at 0.02 m continuous downcore interval. Samples 
were weighed to obtain a record of the wet weight and placed in a drying oven overnight 
at 110°C. Once dried, samples were weighed again to obtain an optimal weight of <3 
grams and placed in small plastic bags. Samples were measured three times (for replicate 
measurements) using the Williams susceptibility bridge in the Rock Magnetism 





/kg (Ellwood et al., 1996) and calibrated using standards reported by Swartzendruber 
(1992). The calculated MS values were interpreted in order to construct individual bar 
logs that represent periods of high and low MS values. The bar logs are interpreted as 
follows: 1) filled regions representing lower MS values and periods of decreased 
sediment deposition (i.e.; drier conditions); 2) open areas represent higher MS and 
periods of sediment deposition (i.e.; wetter conditions). These bar logs are differentiated 
at the midpoints of multiple data points in trends from raw data based on the method of 
Ellwood et al. (2001). Bar logs were used as a tool for correlating short-term, regional 
MS ‘events’ and 
14
C ages between cores, further increasing the stratigraphic control 
between sites (Crick et al., 2002). Refer to Chapter 3 for more detail. 
5.3.4. Dating 
 Sediment age was determined using 
14
C dating on woody or leafy organic 
material collected from within the sediment. Four samples were obtained from Core 
CLR3 and one sample from Core CLR1. 
14
C dating was performed at Beta Analytic 
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Laboratory using accelerated mass spectrometry (AMS). Ages were calibrated using 





dates were also plotted on MS bar logs and extrapolated between cores to increase 










Cs were determined by -spectroscopy analysis (
210
Pb peak of 
46.5 KeV and 
137
Cs peak of 661 KeV) in the Canberra germanium detector at Louisiana 
State University (See Chapter 3 for more detail). 
5.4. Results 
5.4.1. Age Dating and Sediment Accumulation Rates 
The five AMS dates from Catahoula Lake cores are presented in Table 5.1 and 
show that the sediment record is older than 3,790 ± 40 
14
C yr B.P. (~4,200 Cal yr B.P.) in 
both cores. Sediments were deposited with low linear sedimentation rates (LSRs) of 
~0.018-0.031 cm yr
-1
 in the base of the cores from ~4,200-~3,900 Cal yrs B.P., increasing 
to ~0.060-0.064 cm yr
-1
 and ~0.07-0.9 cm yr
-1
 from ~3,900-~2,730 Cal yrs B.P. and 
~2535 Cal yrs B.P. to A.D. ~1800 (uncalibrated), respectively. 
 All three cores exhibited an overall increase in sediment accumulation rates at the 
onset of the historic period (~18
th
 century) attributed to increased anthropogenic 
activities. 
210
Pb geochronology indicates that sediments are recent at the core top. The 
sediment accumulation rates (SARs) were calculated for each core based on the presence 
of excess 
210
Pb. CLR1 exhibits the highest SARs of 0.4773 cm yr
-1
, followed by CLR3 
with SARs of 0.342 cm yr
-1 
and the lowest SARs of 0.135 cm yr
-1 
were exhibited at 
CLR2 (See Chapter 3 for data, graphs, and calculations). 
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Table 5.1. Radiocarbon ages at dated intervals for cores reported in this paper. 
 










CLR1 2.59-2.6 Wood 3790 ± 40 
 
Cal BP 4280 to 4080 




CLR3 2.20-2.21 Wood 2450 ± 40  Cal BP 2720 to 2350 
(Cal BC 2020 to 1870) 
0.95 
Beta-234849 CLR3 2.27-2.28 Leaf 2520 ± 40 Cal BP 2740 to 2440  




CLR3 2.29-2.3 Leaf 2550 ± 40 Cal BP 2760 to 2700  




CLR3 2.98-3.0 Leaf 3570 ± 40 Cal BP 3970 to 3820 
(Cal BC 760 to 400) 
0.95 
 
5.4.2. Core CLR1- Northern Portion of Lake 
Core CLR1 can be divided into two pollen assemblage zones (PAZs), PAZ I and 
II. PAZ I is further divided into 2 sub-zones, Zone Ia and Ib, while PAZ II is further 
divided into three sub-zones, Zone IIa, b, c. Each subzone is subdivided into sections 1  
and 2 (Fig. 5.5). Zone descriptions focus on the overall PAZs changes occurring in the 
zones and sub-zone. A summary pollen diagram is presented, along with a pollen 
percentage diagram for major (>2%) and minor (<2%) taxa (Figs. 5.5, 5.6a, and 5.6b, 
Appendix D1). The PAZs roughly correspond to shifts in phytolith assemblages and MS 
data (Figure 5.7). The pollen concentration in this core ranged from 45,000 to 790,000 
grains/cm
3
 (Fig. 5.8 and Appendix D2). These values are indicative of a high level of 
pollen influx and high quality of preservation (Faegri et al., 1989). They are also similar 
to pollen concentration values calculated in previous Louisiana palynological studies 
(i.e.; Thomas, 1996; Reese and Liu, 1999).  
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Fig. 5.5. Summary of pollen taxa found at Core CLR1 and CONISS analysis used for 
pollen assmblage zone determination (Grimm, 1987). 
 
5.4.2.1. Core CLR1 Zone I 
 PAZ I is defined from 3.7 to 2.85 m, with an age greater than 4,000 Cal yr B.P. 
and is divided into 2 sub-zones, Ia and Ib (3.70-3.11 m and 3.1-2.85 m), respectively.  





 (Fig. 5.7). 
5.4.2.1.1. Core CLR1 Zone I, Sub-zone Ia 
Overall percentages of arboreal and shrub pollen steadily decrease in sub-zone Ia 
from 80% to 58% (Fig. 5.5). Quercus dominates with significant amounts of Planera, 
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Carya, and Salix. The percentages of Quercus remain steady throughout this sub-zone 
while Salix is highly variable with the highest values (~35%) at the beginning and 
dropping sharply to almost nothing. Salix thrives on saturated or poorly drained soil, but 
is not drought tolerant. Whole stands of trees may die out when water tables lower and 
soils dry up. Taxodium decreases and recovers along with Salix (Fig 5.6a). Minor 
arboreal taxa present include Ulmus, Populus, Nyssa, Gleditsia, and Ilex. An overall 
decline or non-presence is seen in other taxa such as Juglans, Alnus, and Ostrya-
Carpinus (Fig 5.6b). All major herbaceous pollen types increase in sub-zone Ia, most 
notably Poaceae, Iva, Cyperaceae, and Chenopodiaceae-Amaranthaceae (Cheno-Ams). 
Vitis, a woody vine, initially decreases, but displays a small increase that parallels the 
increase seen in minor taxa Brunnichia and Smilax. No aquatics are seen in sub-zone Ia 
(Fig 5.5). 
5.4.2.1.2. Core CLR1 Zone I, Sub-zone Ib 
 Sub-zone Ib is defined by a significant decrease in flood-tolerant arboreal species, 
namely Salix, Taxodium, and Planera with a subsequent increase in upland species, 
Pinus, Quercus, and Carya (Fig. 5.6a). A similar pattern is documented in minor arboreal 
taxa, with increases in taxa such as Ulmus, Juglans, and Morella and decreases in Nyssa 
and Populus (Fig. 5.6b). Overall decreases occurred in major herbaceous pollen types, 
such as Poaceae (~15%), Cyperaceae (~5%), and Chenopodiaceae-Amaranthaceae (~5-
7%). At this level, a decline in most minor herbaceous pollen types is also seen, with the 
exception of Hypericum and Malvaceae taxa, which increase by 1-2%. 
Initially, grass phytolith types dominate the assemblages, averaging about 60%, 




phytolith types (5%) occur at 3.3 m at about the same time a decrease is observed in 
Poaceae pollen data (Figs. 5.6a and 5.7). 
5.4.2.2. Core CLR1 Zone II 
 PAZ II occurs from 2.9-0 m and spans from approximately 3,800 Cal yrs B.P. to 
the present. This represents the same period of time documented in Core CLR3. PAZ II is  
 
Fig. 5.7. Phytolith diagram showing MS bar log, relative abundance of grass subfamlies 
and grass verses non-grass phytolith data for Core CLR1. 
 
further divided and described using the 3 sub-zones, IIa, IIb, and IIc (Fig. 5.5). Pollen 
concentrations are higher than in the previous zone, ranging from 121,000 - 773,000 
grains/cm
3
. Three samples display exceptionally high concentrations: the sample at 2.4 m 
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has a concentration of 773,745 grains/cm
3
, the sample at 1.6 m has a concentration of 
746,249 grains/cm
3
, and the surface sample peaks at 738,186 grains/cm
3 
(Fig. 5.8). 
5.4.2.2.1. Core CLR1 Zone II, Sub-zone IIa 
 Sub-zone IIa contains relatively stable arboreal and shrub pollen types ranging 
from 74-79%, with herbaceous types around 20% (Fig. 5.5). The first section of this 
pollen zone (2.84-1.95 m) can be distinguished from other zones by the stable relative  
 




abundance in Quercus (average ~16%). Other major arboreal species, Pinus, Carya and 
Liquidambar, initially decline at the beginning of the zone but recover at ~2.6 m. Pinus 
remains stable at ~20%, while Carya displays another short decline at 2.55 m with an 
increase of 5% at 2.4 m. Salix and Planera taxa exhibit declines and overall lower 
percentages, while Taxus is relatively stable following an increase and decrease between 
2.9 and 2.6 m (Fig. 5.6a). Percentages of minor arboreal taxa are slightly higher with 
most notable increases seen in Juglans, Acer, Celtis, and Ostrya-Carpinus (Fig. 5.6b). 
 Percentages of some herbaceous pollen types are lower (by ~2-4%) and less 
variable than in the previous zone. Most notable decreases are seen in Poaceae (decrease 
of ~10%), Chenopodiaceae-Amaranthaceae, and Iva (Fig. 5.6a). Notable increases of 1-
2% occurred in the minor taxa Cephalanthus (Fig. 5.6b). Aquatic pollen, which was 
previously absent, can be found in a very low percentage (~1.5%) at the top of the 
subzone (Fig. 5.5). 
 Similarly, little change occurs in grass phytolith types except for an increase in C3 
Pooideae grass types between 2.8-2.6 m that occurs coincident with an increase in MS 
values (Fig. 5.7). This increase indicates the development of more flood tolerant grass 
types and increased soil erosion due to higher precipitation rates at that time. 
 The top section of Sub-zone IIa is located from 1.94 m to 0.9 m. It has similar but 
slightly higher overall pollen concentration values than the lower section, ranging from 
157,000 - 746,000 grains/cm
3
 with good overall preservation (Fig. 5.8). 
 Arboreal pollen relative abundances are slightly lower (~7%), with values initially 
declining for Quercus and Carya by ~6%, while Pinus remains steady until 1.4 m where 
it drops from 14 to 8%. There is a slight increase in Taxodium, Salix, and Planera 
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percentages. At 1.6 m, however, Quercus begins to increase to previous percentages and 
a slight decline in Taxodium is apparent (Fig. 5.6a). Notable minor pollen include: 
Ulmus, Juglans, Nyssa, and Gleditsia. Ulmus and Juglans increase slightly in the 
beginning of the zone and decrease at 1.6 m (Fig. 5.6b). Aquatic trees, Nyssa and 
Gleditsia, slowly increase through the entire zone. 
 Poaceae and Cyperaceae increase in this zone, while upland herbs, 
Chenopodiaceae-Amaranthaceae and Asteraceae decrease. At 1.7 m a steady decrease of 
Cyperaceae of 4% occurs, while Poaceae remains high (Fig. 5.6a). Minor upland herb 
components (i.e. Brunnichia and Hypericum) appear at this level of Cyperaceae decline 
(Fig. 5.6b). Minor vascular aquatics also make an appearance in this zone (Fig. 5.5). 
 Grass phytolith types remain high, showing little change in subfamily dominance, 
with Pooideae representing about 40% and Chloroideae and Panicoideae representing 
about 30%, respectively. At 1.4 m, non-grass phytolith types increase by 10% only to 
return to previous values at 1.0 m (Fig. 5.7). This increase matches the short decline 
observed in Poaceae pollen (Fig 5.6a). 
5.4.2.2.2. Core CLR1 Zone II, Sub-zone IIa 
 Sub-zone IIb is a relatively short zone, ranging from 0.9 to 0.55 m. The beginning 
of this zone displays a peak in herbaceous pollen types and then a subsequent decline. 
This decline in arboreal pollen types is defined by initial declines in Quercus, Pinus, 
Carya and Liquidambar. Flood-tolerant arboreal species, Salix and Planera, are initially 
high, but begin to decline at 1.0 m, where upland trees and shrubs increase (Fig. 5.6a). 
This is also seen in the appearance of minor taxa such as Acer and Ulmus. At 0.8 m, 
flood-tolerant arboreal taxa slowly increase, including minor taxa, Populus and Gleditsia 
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(Fig. 5.6b). Poaceae and Chenopodiaceae-Amaranthaceae mirror upland arboreal 
patterns, while Sagitarria and Cyperaceae follow aquatic arboreal trends (Fig. 5.6a). A 
notable occurrence of Xanthium occurs at 0.8 m. Pollen of submerged aquatic plants is 
present in low numbers (0.5-1%; Fig. 5.5). 
 Grass phytolith types decreased by 5-10% and recovered slowly to previous 
values at 0.5 m. Dominating grass types are Pooideae (42-46%) and Chloroideae (38%), 
with low Panicoideae values, indicative of lakebed to shoreline grassmat communities 
such as Leptochloa fascicularis and Paspalum sp. (Fig. 5.7, See Chapter 2 for 
information on grass habitats). 
5.4.2.2.3. Core CLR1 Zone II, Sub-zone IIc 
 The last sub-zone, Sub-zone IIc, is divided into two sections and represents the 
historic period, ~1750 to present. Section 1 (0.55-0.22 m) is defined by the lowest overall 
pollen concentrations of 64,000 to 120,000 grains/cm
3
. Section 2 (0.2 m to surface) has 
higher concentrations of 730,000 grains/cm
3
 (Fig. 5.8). This zone is defined by higher 
overall herbaceous pollen values (about 40%) in section 1 and an increase in arboreal 
pollen from 58 to 78% from section 1 to section 2 (Fig. 5.5). 
 Sub-zone IIc is defined by a large decrease in Salix, from 20% to 5% and 
moderate decreases in Taxodium and Fraxinus. Pinus steadily increases by 14% to reach 
maximum values in the uppermost section (Fig. 5.6a). The upper section of Sub-zone IIc 
is also marked by an increase in Quercus and Carya. This may be due to an increased 
activity of the timber industry in the area. In addition, the pollen of Liquidambar and 
Celtis increase slightly, as these trees are able to thrive in disturbed BHF environments. 
Major herbaceous pollen types, Poaceae, Cyperaceae, Iva, and Asteraceae, increase 
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throughout the first section. Poaceae decreases at 0.35 m, while herbaceous types, Iva and 
Asteraceae (short and long spine) increase, indicating an environmental disturbance that 
might be linked to European settlement. Increases in wetland taxa, Cyperaceae and 
Sagittaria, also occur in this section (Fig. 5.6a). 
 In the lowermost part of Sub-zone IIc grass phytoliths dominate with highest 
percentages of Chloroideae and Pooideae types. At 0.3 m non-grass phytolith types 
increase along with Panicoideae grasses (Fig 5.7). This increase in Panicoideae is 
consistent with the increase in arboreal pollen types. Typically, BHF grasses found in and 
around Catahoula Lake (i.e. Setaria spp. and Panicum sp.) produce these Panicoideae 
phytolith types. 
5.4.3. Core CLR2 
 Pollen preservation in Core CLR2 is poor for all sedimentary layers below 1.8 
meters. This poor preservation and lack of age control made it impossible to define pollen 
zones for this core. Appendices are provided for pollen counts and calculated pollen 
concentrations (Appendix D3 and D4). It is important to note that the decrease in pollen 
preservation is coeval with an overall increase in sediment grain-size (See Chapter 3 for 
details). 
5.4.4. Core CLR3 
 Core CLR3 was divided into 5 major pollen assemblage zones (PAZ). Pollen 
percentage data are summarized in Figure 5.9 and Appendix D5. Major taxa are 
presented in Figure 10a, and minor taxa in Figure 10b. Pollen concentrations are high 
ranging from 64,000 to 500,000 grains/cm
3
 with excellent pollen preservation (Figure 
5.12 and Appendix D6). PAZ for this core can be roughly correlated to Core CLR1, and 
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Fig. 5.9. Summary of pollen taxa found in Core CLR3 and CONISS analysis for pollen 
assemblage zone determination (Grimm, 1987). 
 
5.4.4.1. Core CLR3 Zone 1 
 PAZ 1 occurs from 3.20 m to 2.62 m and is subdivided into sub-zone 1a (3.2 -
2.94 m) and 1b (2.93-2.62 m). This zone roughly corresponds to the interval of greater 
than 3,800 to 3,000 Cal yrs B.P. (Fig. 5.9). Pollen concentrations remain relatively stable 
around 110,000 to 125,000 grains/cm
3
 (Fig. 12). Trees and shrubs dominate the pollen 
assemblages with 71-81% of relative abundance (Fig. 5.9). Flood-tolerant arboreal taxa, 
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Salix, Planera, and Taxodium, dominate at 3.20 m. Minor flood-tolerant arboreal taxa, 
Gleditsia, Nyssa, Celtis, and Populus are also present (Fig. 5.10a). Sub-zone 1b is defined 
by a continual decline in aquatic arboreal taxa and increases in Quercus (13%), Pinus 
(7%) and Carya (8%). Ulmus, Juglans, Alnus, and Betula make up most of the minor 
arboreal pollen taxa (Fig. 5.10b). 
 Poaceae, Chenopodiaceae-Amaranthaceae, Asteraceae, Iva, and Cyperaceae are 
all present in this zone. In sub-zone 1a, Poaceae and Cyperaceae are declining with a 
trend similar to that of Taxodium and Planera, while upland herbs tend to increase. The 
herbaceous taxa in subzone 1b record a slight increase in Poaceae and Iva, while 
Cyperaceae fluctuates between 3 to 8% (Fig. 5.10a). Minor taxa present include 
Thalictrum, Hyperium, Brunnichia, Parthenociccus, and Fabaceae undifferientated (Fig. 
5.10b). 
 Phytolith assemblages display a decrease in non-grass phytolith types (~10%) 
between sub-zone 1a and 1b (Fig. 5.11). During the peak of grass phytoliths, from 2.9-2.8 
m, a shift in C4 grass phytolith-type dominance from Panicoideae to Chloroideae occurs. 
While non-grass-types increase, Panicoideae phytoliths also increase near the end of the 
zone. 
5.4.4.2. Core CLR3 Zone 2 
 PAZ 2 is sub-divided into sub-zone 2a (2.61-2.35 m) and 2b (2.34-1.95 m) and 
spans from ~3,000-2,000 Cal yrs B.P. Overall arboreal and shrub percentages increase by 
~5% from subzone 2a to 2b (Fig. 5.9). Pollen concentrations increase and are overall 
higher than the previous zone, ranging from 133,000 to 255,000 grains/cm
3
 (Fig. 5.12). In 








Fig. 5.11. Phytolith diagram showing MS bar log, relative abundance of grass subfamilies 
and grass verses non-grass phytolith data for Core CLR3. 
 
zones. Planera and Taxodium values initially increase, while Salix and Fraxinus fluctuate 
by values of 2 to 5% (Fig. 5.10a). Minor arboreal taxa present include Ulmus, Juglans, 
Acer, Betula, Castanea, and Alnus. Populus is also present near the bottom of the sub-
zone, but declines along with Nyssa and Celtis (Fig. 5.10b). Initially, Poaceae increase by 
5%, only to decrease at the top of sub-zone 2a, along with Cyperaceae. The decline in 
wetland taxa is paired with an increase in common disturbance or cultivated herbs, Iva 
and Chenopodiaceae-Amaranthaceae (Fig. 5.10a). Minor types, especially pollen of 
Brunnichia and Smilax, increase in relative abundance (Fig. 5.10b). 
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Fig. 5.12. Calculated pollen concentration values and CONISS pollen zonation for Core 
CLR3. 
 
Sub-zone 2b is defined by an overall increase in Quercus (~10%) and Carya (~2%) 
values. Upland taxa, Pinus, fluctuate but remains low (~10-15%). Flood-tolerant species 
including Taxodium and Planera remain constant, while Salix and Fraxinus continue to 
fluctuate (Fig. 5.10a). These fluctuations may indicate slight changes in hydrology or the 
degree of fluvial flux into the lake. Poaceae increases to 16% and remains relatively 
constant until 2.05 m where it declines while the percentages of arboreal taxa increase. 
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Exceptions occur in minor arboreal taxa, Populus, Acer, Ulmus, and Betula, which are 
less tolerant to short flooding events. Upland herbs, (Iva, Asteraceae, and 
Chenopodiaceae-Amaranthaceae), forest understory (Hypericum), and vines (Brunnichia 
and cf. Vitis) decline during this zone (Figs. 5.10a, b). 
 Phytolith data support the pollen trends shown in Fig. 5.10a. Non-grass phytolith 
types are high (~57%) at 2.4 m and begin to decline to ~42%, while grass phytolith types 
increase to 58-60%. Pooideae and Chloroideae types dominate each sub-zone making up 
35-40% of the assemblage. In sub-zone 2b, non-grass phytoliths decline to ~42% while 
Chloroideae decrease by 5-7%. In addition, a 5% increase in Panicoideae is observed. 
Magnetic susceptibility values peak with non-grass percentages, then decline throughout 
the remainder of the zone (Fig. 5.11). 
5.4.4.3. Core CLR3 Zone 3 
PAZ 3 occurs from 1.95 to 1.08 m and is divided into sub-zone 3a and 3b.  Pollen 
concentrations for sub-zone 3a exhibit the lowest values in the core, ranging from 90,000 
to 135,000 grains/cm
3
 (Fig. 5.12). Relative abundance in arboreal types continues to be in 
the range of 80-84%.  Sub-zone 3b documents an increase in pollen concentration with 
the highest overall values, ranging from 260,000 to 490,000 grains/cm
3
 (Fig. 5.12). 
Relative abundances in arboreal types decrease to 74% and then increase by 5% at 1.15 m 
(Fig. 5.9). 
 Overall, the relative abundance in upland arboreal species, such as Quercus, 
Carya, Liquidambar, and Pinus are higher than in previous zones. At 1.8 m, upland 
species (Pinus and Carya) decrease with a concomitant increase in Taxodium and 
Planera. This parallel change is followed by similar increases in upland species and a 
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decrease in Taxodium and Planera pollen values at 1.7 m (Fig. 5.10a). A similar pattern 
of relative abundance change is documented in minor arboreal taxa (Fig. 5.10b). Wetland 
indicator taxa, Sagittaria, display an increase in this subzone. Overall, Poaceae and 
Cyperaceae values are low. Local environmental disturbances or cultivated taxa, 
Chenopodiaceae-Amaranthaceae, Asteraceae, and Iva reach a peak at the end of this sub-
zone. In addition, a Zea mays pollen grain was found at 1.5 m and 1.4 m (Fig 5.10b). Zea 
mays can be distinguished from Poaceae pollen based on its size of ~85 microns, whereas 
Poaceae average 25-60 microns in size (Fearn and Liu, 1995). 
 The most notable change in sub-zone 3b is a decrease in Quercus pollen by 5 to 
7%, starting at 1.5 m. This decrease may represent an environmental disturbance such as 
increases in short-term forest inundation from lake waters. Overall, upland arboreal 
species remain low until 1.1 m, where Pinus and Carya increase by ~5%.  Planera and 
Salix values are low in this sub-zone (Fig. 5.10a). Most notable minor taxa include Celtis, 
Populus, Gleditsia, and Juglans (Fig. 5.10b). Wetland indicator taxa, Taxus, Poaceae, and 
Cyperaceae pollen increase to a peak of ~10% at 1.3 m and then decrease. Submerged 
and floating aquatic pollen are also found in this interval (Fig. 5.9). 
C4 Panicoideae phytoliths display an increasing trend, while C3 Pooideae 
phytoliths decrease by ~10% through the entire zone. Non-grass phytoliths peak at 58% 
at 1.6 m only to drop to 45% in sub-zone 3b. This peak is paralleled with a sharp increase 
and subsequent decline in MS (Fig. 5.11). 
5.4.4.4. Core CLR3 Zone 4  
Arboreal pollen values are at a maximum from 1.0-0.5 m, ranging from 75 to 90% 
in Zone 4 (Fig. 5.9). PAZ 4 is divided into two sub-zones based on a drop in arboreal 
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pollen percentages between 0.6 and 0.4 m.  Pollen concentrations range between 90,000 
and 180,000 grains/cm
3
 (Fig. 5.12). 
 Arboreal taxa, Quercus and Carya, are high with lower Pinus values in sub-zone 
4a. More flood tolerant species (e.g. Fraxinus, Planera, Taxodium) remain constant 
except for the increases and decreases documented in Salix. Sub-zone 4b documents a 
decline in these species, along with a marked decline in Quercus (Fig. 5.10a). Minor 
arboreal taxon, such as Juglans, Alnus, Acer, and Ilex, display higher relative abundance 
values in sub-zone 4a, but decline in sub-zone 4b, where they are replaced by increases in 
more flood tolerant species, such as Celtis, Nyssa, and Forestiera (Fig. 5.10b). 
Herbaceous plants include lower Poaceae and upland herbs in sub-zone 4a, with an 
increase in sub-zone 4b. Cyperaceae and Sagittaria are present in both sub-zones, but 
increase slightly in sub-zone 4b. 
 C3 Pooideae and non-grass phytoliths dominate with relative abundances ranging 
between 40 to 45% and 55 to 60%, respectively, while C4 Panicoideae phytoliths 
decrease, reaching values as low as 20%. Initially, MS values are high, slowly decreasing 
towards PAZ 5 (Fig. 5.11). 
5.4.4.5. Core CLR3 Zone 5 
 The last zone, PAZ 5, has high average pollen concentrations, ranging from 
117,000 to 351,000 grains/cm
3
, with the highest concentrations in the topmost samples 
(Fig. 5.12). This zone encompasses the uppermost 0.5 m of the core, which represents the 
last ~300 years. It is characterized by an increase in non-arboreal taxa and the presence of 
submerged and floating-leaved aquatic pollen types (~1%) (Fig. 5.9). 
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  The decline in trees and shrubs can be attributed to a drop in Salix along with the 
consistently low Quercus values. Pinus and Carya increase slightly, especially at 0.2 m. 
An increase in Cyperaceae, Iva and Sagittaria is seen in this zone (Fig. 5.10a). Minor 
arboreal and herbaceous taxa are present in low relative abundances (Fig. 5.10b). 
 Initially, non-grass phytolith types are high (~58%), but decline by 15% at 0.2 m. 
Grass phytoliths are dominated by Panicoideae at 0.4 m, but are replaced by higher 
percentages of Chloroideae and Pooideae phytolith types near the top of the core.  
MS values exhibit a slight, overall increasing trend (Fig. 5.11). 
5.5. Discussion 
5.5.1. Depositional Setting and Pollen Interpretation 
 When conducting palynological analysis of a lake as large as Catahoula Lake, 
consideration must be made of the pollen source area, and more specifically, how the 
pollen is transported and deposited within the area studied. Preservation potential is a 
second factor that must be evaluated to interpret the pollen assemblages from each core, 
especially when dealing with a lake that has such a unique hydrological regime.  
5.5.1.1. Evaluation of Pollen Source 
 Wind, water, or animals best disperse pollen and spores. Even though the majority 
of pollen dispersal studies indicate that pollen and spores settle within a one-kilometer 
radius of their source, under certain conditions pollen can be found up to 5000 km from 
its point of origin (Tauber, 1965; Melia, 1984). Previous studies of pollen influx 
mechanisms into large, stream-fed lacustrine environments indicate that 80-95% of 
pollen is introduced to the lake as a result of erosional processes from the immediate 
surrounding watershed (Peck, 1973; Bonny, 1976; Pennington, 1979). These previous 
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studies suggest that the overall pollen assemblages at Catahoula Lake might be 
representative of extralocal vegetative communities (Jacobson and Bradshaw, 1981). 
Especially when considering the high vegetative productivity in Louisiana today, the 
pollen assemblage data are most probably indicative of local species with a high relative 
abundance in addition to regional signals for notable species that are less abundant but 
high yield pollen producers (such as Pinus and Quercus). In addition, cores CLR1 and 
CLR2 are located approximately 0.5 kilometer from the shoreline on the northern and 
southern part of the lake, respectively, in close proximity to the shoreline vegetational 
communities (BHF and scrub-shrub). The interplay between shoreline placement, lake 
level fluctuations, and vegetation community dominance seen today indicate that the 
pollen record should represent a more extralocal and local record (Tauber, 1965; Davis, 
1967a). 
However, various factors influence pollen deposition at CLR1 and CLR2. Core 
CLR2 is close to the largest fluvial input and output sources for the lake, the Little River 
and the French Fork of Little River. Not only do these rivers bring in more regional 
pollen, they affect the sediment grain-size deposited at the site (due to high velocity 
flow), often bringing in silt-to-sand sized particles and winnowing out fine particles that 
may contain palynomorphs. This may, in part, explain the lower pollen concentrations 
documented for this locality. To a lesser extent, CLR1 may be affected by the input from 
Big Saline Bayou and the fluctuating water level that re-suspends and moves sediment 
around the lakebed. In contrast, the central, permanently wet location of Core CLR3 may 
promote sediment focusing, with sediment accumulating at a higher rate, thus impacting 
pollen interpretation. A study by Lehman (1975) addressed the effect of sediment 
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focusing on sediment accumulation rates and conclused that discrepancies existed 
between different models of basin morphology. The sediment “focusing” scenario, 
however, is most likely not a factor due to the flat-bottomed basin morphology of 
Catahoula Lake (Lehman, 1975; Hicks and Hyvarinen, 1999). In fact, calculated 
sediment accumulation rates indicate that CLR1 and CLR3 have relatively constant 
sedimentation rates prior to the historic period. 
 Overall, the pollen assemblages in cores CLR1 and CLR3 are relatively similar 
through time, indicating that little between-core variation occurs. There are, however, 
surface waves that may cause post-depositional movement. Due to the shallow nature of 
the lake, the prevailing northeasterly winds create choppy areas with waves much like 
those acting upon coastal lake environments. It is hypothesized that the fetch of these 
winds may be related to the sediment erosional forces that further shape the elongated 
pattern and lake bathymetry (Doyle, T.W., personal commun.). In summary, all three 
cores have pollen assemblages that are composed of regional upland pollen (such as pine 
and some oak-types) with large amounts of pollen from extralocal and local plant 
communities (such as willow, oak-types, water hickory, cypress and herbaceous types). 
5.5.1.2. Evaluation of Pollen Preservation and Concentrations 
Pollen is composed of highly resistant organic exine, called sporopollenin, and 
will survive long periods of time if deposited in a non-destructive environment. Pollen 
preservation is dependent on several factors: rate of deposition, microbial activity, and 
soil chemistry (Traverse, 1988). Based on both a qualitative and quantitative assessment 
of pollen grains, Catahoula Lake exhibits good to excellent pollen preservation at coring 
site CLR1 and CLR3 (Figs. 5.7 and 5.12). Even though the locality of Core CLR1 is 
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slightly affected by short periods of annual desiccation that expose the topmost 
sediments, the clay-rich soil retains its moisture and thus its infauna, thereby, inhibiting 
the oxidation process. Thus, pollen preservation does not seem to have been affected. 
Core CLR3 differs in that it is located in the central, deepest part of the lake. During 
lowered lake levels, at least 1 meter of water remains in this area as the “summer pool” 
inhibiting oxidation and preventing the loss of sediment via erosional processes. 
Overall, the pollen preservation at CLR2 is quite different. The top of the core is 
similar to CLR1 and CLR3, exhibiting good to excellent preservation. However, the 
bottom half of the core (below 1.8 m) exhibits poor pollen preservation as evidenced by 
lower pollen concentration values that have no apparent ecological justification. This 
absence of pollen is associated with an overall increase in sediment grain-size. Two 
hypotheses may explain this interval of poor preservation; 1) the grain-size change 
indicates increased fluvial influence from Little River and/or smaller streams winnowing 
out finer particles, including pollen, and/or 2) past lowering of lake levels prevented lake 
conditions from existing in this southern part at the time of deposition, thus exposing the 
sediments to the open environment. Pollen grains range from 5 to 500 microns, with the 
majority 20-100 microns in size. Pollen grains behave like clay and silt-sized particles 
when depositioned and are, thus, mainly concentrated in finer-grained sediments. The 
Little River and smaller streams typically deposit a mixture of medium to coarse-grained 
silt/sand sediment into Catahoula Lake, thus diluting and winnowing pollen-sized 
particles. In addition, it is likely that the coarse material deposited in CLR2 is a strong 
indication of associated outward displacement of the shore, especially since the 
floodplain soils surrounding Catahoula Lake are similar to this sediment interval, and are 
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characterized as silty to sandy loams (Martin, 1991). These soils are poorly compacted, 
enabling wind and water to move the sediment around more freely, as compared to the 
clay-rich sediments found in the central and northeastern portion of the lake. The second 
hypothesis is difficult to address further because of the lack of age constraint available for 
this core. 
 In addition to pollen preservation, pollen concentration numbers can be used to 
assess the amount of vegetation present in and around the lake. Both factors, preservation 
and vegetation density, provide an indication of hydrological and climatic changes. For 
instance, relatively constant pollen concentrations during pollen assemblage changes may 
be interpreted as representing a constant vegetation density with changes in vegetation 
composition. On the other hand, shifts in pollen concentrations may represent increased 
pollen input from surrounding areas due to floods or increased surface runoff and erosion. 
Based on the second assumption, it can be deduced that during flood events, the pollen 
influx will increase (Pennington, 1979). On average, peaks in MS data do not coincide 
with increases in pollen concentration. This contradiction may be explained, in part, to 
decreased sampling resolution in pollen data. Higher overall MS data, however, do 
coincide with periods of higher lake levels and/or land management changes (Figs. 5.5, 
5.6a, 5.6b, 5.8, 5.9, 5.10a, 5.10b, 5.12). Therefore, it is assumed that higher pollen 
concentrations in the lower section of these cores are a result of changes in lake levels, 
while increased concentrations in the upper parts of the cores are a result of increased 
anthropogenic factors such as forest clearing and levee building. 
 In order understand all the processes acting on the pollen deposition in the lake, 
studies employing surface sediment traps would be beneficial. Results from pollen traps 
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can help quantify the distribution and accumulation of pollen types throughout the lake. 
Although such an investigation is beyond the scope of the present study, it should be 
addressed in future studies in lakes. 
5.5.2. Vegetation Changes during the Latest Holocene Interval 
 The Catahoula Lake cores contain a relatively complete pollen record, 
representing vegetational changes from ~4,500 years B.P. to present. These changes 
reflect the dynamic changes in the associated fluvial drainage basin, fluctuating 
hydrology, and hence, climate changes. In this regard, the location of Catahoula Lake in 
the Lower Mississippi alluvial valley (LMV) is a prime study area to document those 
vegetation changes associated with fluctuating water levels dependent on the water flux 
from surrounding drainage basins of the Ouachita, Red, Black, and Mississippi river 
systems. 
5.5.2.1. Hypsithermal Transitional Period Documented in Core CLR1 
The sediment record from the base of Catahoula Lake Core CLR1 contains the 
transitional period that occurred at the end of the Hypsithermal (~4,500 yr B.P.). The 
Hypsithermal is a global climatic event of significant warming and drying that occurred 
from ~8,700 to 4,500 yr B.P. During the Hypsithermal, the warm, dry Pacific air mass 
extended eastward causing prairie and grassland in the northcentral United States to reach 
its easternmost extent (Wright, 1976; King and Allen, 1977; Delcourt and Delcourt, 
1993). In addition, the warm, moist Maritime Tropical air mass increased its northward 
influence enhancing deciduous forest communities in the eastern United States (Royall et 
al., 1991). The end of the Hypsithermal is often associated with the enhancement of the 
El Nino-Southern oscillation (ENSO), a climatic phenomenon that involves an increase in 
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oceanic and atmospheric variability (Cronin, 1999; Hamilton, 1999). ENSO is thought to 
strongly affect precipitation patterns in the southeastern United States through increased 
variability. Increased variability in precipitation would strongly influence fluctuations in 
the Catahoula Lake hydrology that would be manifested as changes in the vegetation 
communities. During this time the vegetational communities at the study site appear to be 
in a period of flux, as evidenced by decreases in BHF species, Pinus, Quercus and Carya, 
species that are less flood-tolerant. This period also documented increased fluctuations in 
the relative abundance of flood-tolerant species, Salix and Cyperaceae, in addition to 
overall increases in Asteraceae and Poaceae, reflecting the establishment of a more 
marsh-like, vegetation community on the periodically exposed lakebed (Fig. 5.6a). 
 At the end of the Hypsithermal, studies from the southeastern United States and 
LMV indicate that the Maritime Tropical air mass continued to move northward in 
conjunction with a slight sea level rise along the Gulf coast (Delcourt and Delcourt, 1993; 
Saunders, 2002). In response, the relative warmth and dryness that dominated during the 
Hypsithermal ended and was replaced by enhanced precipitation, slightly cooler 
temperatures, and wetland expansion (Royall et al., 1991; Saucier, 1994; Watts and 
Hansen, 1994; Schuldernrein, 1996). At Catahoula Lake, wetland forest trees such as 
Salix, Taxodium, Populus and Cephalanthus replace Quercus, and Carya, indicating an 
increase of available moisture associated with standing water environments.  
In addition, the shift documented in the pollen data is confirmed by an increase in 
overall MS signature and a shift in phytolith assemblages, further indicating the 
establishment of a more humid environment. For example, initial high percentages of C4 
grass phytolith types decrease as percentages of moist C3-grass phytolith types increase. 
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Warm season grasses (Panicum sp. and Leptochloa fascicularis), which grow as thick 
grassmats on the exposed lakebed, predominantly produce C4 grass phytoliths types, 
while C3 types thrive in slightly cooler, more humid environments. 
5.5.2.2. Post-Hypsithermal (4,000 yr B.P. - 1,000 yr B.P.) Events as Recorded in Cores, 
CLR1 and CLR3 
 
As these climatic conditions stabilized at the end of the Hypsithermal (~4,000 yr 
B.P.), pine percentages increase and become more abundant in the LMV (Watts, 1980; 
Delcourt and Delcourt, 1981; Whitehead and Sheehan, 1985). Pollen assemblages from 
Catahoula Lake cores (CLR1 and CLR3) document the establishment of southern oak-
pine-hickory (Quercus-Pinus-Carya) forest similar to what is found in the uplands and 
surrounding BHF today, as evidenced by relatively stable percentages of mesic species, 
Quercus and Carya, and overall increases in Pinus. Lower relative abundance in Poaceae 
and herbaceous types Asteraceae and Chenopodiaceae-Amaranthaceae, along with an 
increase in the flood-tolerant species, Taxodium and Planera, indicate prolonged periods 
of wetland conditions. This period of time most probably resembles today’s fluctuating 
lake levels, where lake mud flats are exposed seasonally and is further supported by the 
presence of Salix and emergent wetland species, Cyperaceae and Sagittaria. Although 
Poaceae pollen values are lower, distinct changes in grass phytoliths occurred. The 
changes from Panicoideae grasses to Pooideae and Chloroideae dominance further 
indicates an increase in fluctuating lake levels. As the lakebed is exposed, more emergent 
grass species, such as C4 grass, Leptochloa fascicularis and C3 grasses, Echinochloa 
walteri and Paspalum distichium, thrive. MS values demonstrate small fluctuations, and 
continue to display values higher than those documented at the base of Core CLR1, 
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indicating that the fluctuating water levels enhance erosion and deposition of sediments 
from the surrounding shoreline environments. 
Overall, pollen relative abundance values in this interval are similar (~9-10%) 
between the two cores. However, CLR3 documented fluctuations of 2-4% between the 
0.1 m sampling intervals while Core CLR1 values were less variable, although this may 
be explained by higher sampling resolution and core locality. Also, as a result of the 
central location of Core CLR3, the site remains inundated when lake level drops. Thus, 
CLR3 sedimentary record may be a better record of smaller-scale vegetative/climatic 
transition. 
 Between 3,000-2,000 yr B.P. the vegetation communities indicate a relatively 
stable hydrologic regime as evidenced by the slight increase and relative stability of 
warm-temperate trees, such as Taxodium, Nyssa, Planera, and Salix. Conversely, declines 
are seen in Quercus, Carya, and minor upland and BHF taxa. The slight increase in 
Poaceae and Cyperaceae is interpreted as evidence for the establishment of more 
permanent grass and sedge communities inhabiting the non-forested margins of the lake. 
Astereaceae-types and Chenopodiaceae-Amaranthaceae decrease throughout this time 
period. These taxa flourish in disturbed and seasonally exposed environments, remnants 
of lowered water level periods. The non-grass phytolith percentages, commonly 
associated with the surrounding scrub-shrub and BHF environments were higher, further 
suggesting higher water levels and an overall decrease in the presence of lakebed 
grassmats that contribute grass phytolith types to the sediment record. Refer to Chapter 2 
for more details. 
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In fact, recent studies pairing archaeologic and geomorphologic data in the 
Mississippi River Basin document an increase in flood frequency, from ca. 3,000-2,500 
yr B.P., attributed to climate change in North America (Hamilton, 1999; Arco et al., 
2006; Kidder, 2006). The result of this climate change is described as a decrease in 
overall temperature and increased precipitation resulting from a change in atmospheric 
circulation patterns (Brown et al., 1999). In addition, coastal records of hurricane 
overwash deposits indicate a more active storm period spanning this time period (Liu and 
Fearn, 2000; Liu, 2004). Due to the location of Catahoula Lake, increased riverine flood 
frequencies in the surrounding drainage basin would have resulted in an overall increase 
in lake level. In fact, evidence from Catahoula Lake indicates that persistence of these 
basinwide flood conditions caused higher lake levels, with less extreme hydrologic 
fluctuations. 
During the next thousand years (~2,200 to 1,200 yr B.P.) the lake exhibits an 
increase in fluctuating hydroperiods, with overall lower lake levels than previously 
documented. The extended hydroperiod documented from ca. 3,000 to 2,000 yr B.P. 
opened up the forest canopy, encouraging the growth of herbaceous understory species, 
as evidenced by the presence of Chenopodiaceae-Amaranthaceae, Astereaceae-types and 
gradual increase in Poaceae. By 2,000 yr B.P., species that tolerate lower lake levels and 
extended dry periods are favored. Fast-growing, disturbance species such Salix, 
Liquidambar, and Gleditsia out-compete Taxodium in this type of environment (Mitsch 
and Gosselink, 1993). Furthermore, the documented decrease in Taxodium and Nyssa 
from ~2,000 to 1,600 yr B.P. may also be a result of the prolonged period of higher lake 
level mentioned previously (ca. 3, 000 to 2,000 yr B.P.). Both Taxodium and Nyssa 
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require prolonged hydroperiods to permit growth and seed regeneration in and around the 
lakebed (Conner et al., 1981). However, if flooding persists for over 50-100 years, a 
decline in these taxa may occur due to lack of new sapling growth (Clark and Benforado, 
1981). Overall, the pollen assemblages during this interval are more typical of seasonally 
inundated BHF than well-established lacustrine environment. This is corroborated by 
higher values of C4 Pancoideae phytoliths and Sagitarria that are indicators of lower 
lake-levels. 
Further indications of lower, fluctuating lake levels and periodic BHF inundation 
are documented in increases in MS values and shifts between the relative abundance of 
grass and non-grass phytolith types. Specifically, increases in non-grass phytoliths may 
result from the following mechanisms; 1) an increase in sediment influx from the 
surrounding watershed, or 2) encroachment of scrub-shrub and BHF species onto the 
lake. Both mechanisms are associated with lowered lake levels and a change in regional 
and/or local hydrology. A decrease in Pinus, herbaceous species (i.e., Iva and 
Chenopodiaceae-Amaranthaceae), and high C3 Pooideae and C4 Chloroideae phytolith 
types in Zone 3/4, suggest slightly wetter conditions from ~1,500 to 1,000 yr B.P., before 
the establishment of the hydrological conditions documented during the historic period 
and today. 
Paleoclimatic proxy records from many continental sites in North America 
demonstrate contrasting climatic conditions from ca. 2,000 to 1,000 yr B.P. For example, 
a notable period of drier conditions has been documented in several localities in the 
Southwest and Texas between ca. 2,200 to 1,000 yr B.P. Poore et al. (2004) attributed 
these drier conditions in the southwest to diminished monsoonal activity from 2,000 to 
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1,600 yr B.P. (Poore et al., 2004). Pollen records from a fluvial upland site in eastern 
Texas documented a decline in wetter species and increase in disturbance taxa, mainly 
Carya and Stellaria (Albert, 2007). In addition, 
13
C records from soil organic matter in 
central and north-central Texas increased, in conjunction with C4 grass percentages, 
indicating a brief warming and drying episode between 2,000-1,000 yr B.P. (Humphrey 
and Ferring, 1994; Nordt et al., 1994). Ellwood and Goose (2006) observed initial high 
MS values in sediments from Hall Cave in central Texas that gradually declined from 
2,000 yr B.P. to present. They indicated that generally warm and dry conditions cause an 
increase, not decrease, in MS values. However, they further noted that an overall decline 
in MS might be associated with declining moisture availability. Alternatively, Blum et al. 
(1993) suggested that conditions in west-central Texas shifted from dry to humid from 
2,500 to 1,000 yr B.P. As previously noted, the location of Catahoula Lake in the LMV is 
an important influence on lake hydrology. In fact, the lake is not as susceptible to the 
same effects of drought seen in arid climates of the southwest and Texas. However, proxy 
records suggest lower lake levels, but no prolonged drying event. The differences 
documented between each record suggest that these climatic events are highly variable 
from site to site, indicating the importance of studying multiple localities. Therefore, 
evaluating the pollen records from each site ultimately leads to a better interpretation of 
both regional and localized effects of this time period. 
5.5.2.3. Medieval Warm Period (MWP) and Little Ice Age (LIA) Climatic Events as 
Recorded in Catahoula Lake Cores 
 
Detailed historic records have identified two periods of distinct climatic 
importance in the past thousand years, the Medieval Warm Period (MWP) and the Little 
Ice Age (LIA) (Cronin, 1999). The period of unseasonable warmth that lasted from 800 
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to 1250 A.D. (ca. 1150-770 yr B.P.) is referred to as the MWP. This period was followed 
by the LIA, a period of global cooling that ranged from 1350 to 1850 A.D. (ca. 770-150 
yr B.P.). Numerous studies investigating these climate ‘events’ indicate that both 
interannual, decadal to multi-centennial variability occurred (e.g.; Stahle and Cleveland, 
1994; Keigwin, 1996; Cronin, 1999; Cook, 2008; Knox, 1988; 2008). For example, Knox 
(1988; 2008) demonstrated an increase in flood frequencies in the Upper Mississippi 
River Valley during the MWP. Similarly, studies suggest that the LIA is not one single 
cooling event, but a period with increased climatic variability that affected world-wide 
precipitation patterns and temperatures (e.g.: Keigwin, 1996; Kaige and Liu, 2006; 
Lozano-Garcia et al., 2007). For example, lake sediment records from the Gulf of 
Mexico’s coast in Mesoamerica (Lozano-Garcia, 2007), document two cooling events 
associated with increased winter precipitation. On the other hand, lacustrine records from 
Africa document three short-lived periods of increased aridity within the LIA (Kaige and 
Liu, 2006). Based on these studies and others (e.g.; Stahle and Cleveland, 1994; Bond 
1995; Mayewski et al., 2004; Richey et al., 2007), most will agree that both the MWP 
and LIA represent intervals of changing global weather patterns, which in turn affected 
local and regional climate variability at varying temporal resolutions. 
The ‘short-term’ interannual to decadal climatic events associated with the MWP 
and LIA were not documented in detail by the present study at Catahoula Lake. This can 
be attributed to the lack of fine-scale temporal resolution of the phytolith and pollen 
analyses. The analyses were carried out on 0.2 m intervals for CLR1 and CLR3, 
representing 280 and 220 years, respectively, based on calculated sedimentation rates. 
Additionally, the LIA and MWP coincide with the gap between the base of the excess 
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Pb and youngest 
14
C dates, complicating the precise chronology during those events. 
While date resolution is poor, there are large-scale vegetational effects associated within 
the core sediment intervals believed to contain the MWP and LIA events. 
The MWP is represented in PAZ IIc, section 1 in CLR1 and PAZ 4 in CLR3, 
which spans from ~1,700 to 750 yrs B.P. and 1,200 to 500 yrs B.P., respectively (Figs. 6a 
and 11a). The overall temperature was warmer and drier during this period as indicated 
by decreases in cool season C4 Panicoideae grasses and a lower MS signature. In general, 
this event is defined by lower percentages of arboreal taxa, both moderate and high flood-
tolerant species. This decrease in arboreal taxa is less evident in Core CLR3, possibly due 
to the fact that the central location of the core records a more regional signature due to 
sediment focusing. A lower lake level is supported by the presence of Cephalanthus and 
Iva pollen, plants that flourish in drier soils and open canopy environments and further 
confirmed by an increase in Cyperaceae, Sagittaria, and Poaceae, species that thrive in 
low standing water environments. 
 The effects of the LIA are harder to distinguish at Catahoula Lake. It is apparent 
that the present-day fluctuating hydrology was established within the lake during the 
LIA, based on stable values of Salix, Taxodium, Poaceae, and Cyperaceae at that time. 
The base of CLR1 PAZ IIc, section 2 and CLR3 PAZ 5 indicate periods of increased 
flood activity, as evidenced by parallel increases in aquatic and Cyperaceae pollen and 
MS. In addition, the present-day Taxodium fringe can be dated to 500 yr B.P., indicating 
an average high water mark of ~11 m (36 feet) (Gibson, 1966; Willis, F., personal 
comm.). Reese and Liu (1999) examined pollen data from Bluff Swamp in southeastern 
Louisiana and found that the LIA may have brought slightly lower temperatures and 
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higher rainfall to the region. In fact, Taxodium distichium tree-ring data from the 
southeastern United States indicate that no sustained century-long periods of wetness or 
dryness occurred, instead decadal and interdecadal variability in precipitation patterns 
were associated with both events (Stahle and Cleveland, 1994; 1996). Both studies argue 
that in order to understand the impacts of the LIA in this region fully, detailed, high-
resolution sampling is necessary. Although there is indication of more fluctuating lake 
levels at Catahoula Lake during this event, further elaboration is not possible without 
increasing resolution. 
5.3. Vegetational Changes and Human Occupation 
 In addition to identifying natural environmental changes, pollen, phytoliths, and 
archaeological data are useful in identifying anthropogenic influences at Catahoula Lake. 
The location and number of archaeological sites at Catahoula Lake have varied through 
time (Wiseman and McKloskey, 1979; Louisiana Division on Archaeology public 
records), indicating that lake conditions may have influenced habitat suitability and 
availability of anthropogenic resources. Today, Catahoula Lake provides a wealth of 
resources ranging from abundant fish, wildlife, and lush vegetation. These resources are 
very important to hunters, fishermen, and nature enthusiasts. Similar to today, past human 
settlements in and around Catahoula Lake were highly influenced by the changes in local 
and regional landscapes resulting from hydrological and vegetation differences. In some 
instances, the locations of archaeological sites have been used to infer paleoshorelines 
(Russell, 1942; Wiseman and McKloskey, 1979). However, little research has focused on 
the impact that hydrological and vegetational changes may have had on habitat suitability 
for periods of sustained occupation. 
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 Catahoula Lake has sites dating from the middle Archaic to historic time (ca. 
6,000 yr B.P. to present). The cultural periods represented at each site are determined by 
the types of archaeological components deposited and subsequently, excavated. In 
addition to providing cultural information, the number of archaeological components can 
also be used to reconstruct a record of lake habitation through time (Fig. 5.13). For 
example, one of the most extensively studied sites, Russell Landing (16 LA 9), is located 
on the Little River, just northwest of the point of confluence between the river and 
Catahoula Lake. The Russell Landing site has been occupied several times as evidenced 
by archaeological components representative of Archaic to Tchefuncte periods (ca. 6,000 
to 2,000 yr B.P.) (Gibson, 1966). The history of occupation documented at this site 
indicates that the location of the Little River has varied little over the past few thousand 
years and has always been an important distributary into the lake (Gibson, 1966; persnl. 
communication). During the middle Archaic period (7,000-5,000 yr B.P.), large, complex 
mound sites were built in Louisiana, most notably Watson Brake, a site located in 
northeastern Louisiana. This site was located in a backswamp environment where hunters 
and gatherers took advantage of the local aquatic resources. It is hypothesized that site 
abandonment occurred around 4,800 yr B.P. due to a decline in the swamp environment 
(Saunders et al., 1997). Similarly, low documented archaeological components are 
documented at Catahoula Lake during this period. Most sites documented around the lake 
indicate the dominance of hunting and gathering practices, as evidenced by the presence 
of spear points, scrapers, and grinders (Wiseman and McKlousky, 1979; Louisiana 
Division on Archaeology public records). The pollen record from CLR1 indicates lower 
values of flood-tolerant taxa during this time period, further supporting the hypothesis 
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that the lake habitat was less than desirable for the hunting and gathering lifestyle due to 
the drier conditions documented during the Hypsithermal. In the late Archaic (6,000 to 
3,500 yr B.P.) the Poverty Point culture emerged (3,700 to 3,200 yr B.P.), a period 
characterized by more permanent settlements with mound building, extensive trade, and 
increased forest manipulation (Thomas, 1996). More permanent settlements required an 




Fig. 5.13. Chart showing number of documented archaeological components found 
during each cultural period from sites surrounding Catahoula Lake and significant 
climatic events detected using pollen and phytolith records from cores. Data referenced 
from Louisiana Division of Archaeology public records. 
 
higher archaeological site components are documented, Catahoula Lake pollen 
assemblages display increases in Chenopodiaceae-Amaranthaceae and Iva, in both cores. 
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These herbaceous cultigens were commonly domesticated for consumption and are an 
indication of increased environmental disturbance (Byrd and Neuman, 1978; Smith, 
1989; Heiser, 1993). 
 The transition from the Archaic to the Woodland period (2,800 to 2,500 yr B.P.) 
saw larger settlements established and more extensive mound building throughout the 
LMV (Neuman, 1984; Arco et al., 2006). Archaeological site components increased 
around the lake, but only low to stable pollen values of domesticated cultigens are found. 
On the other end, the pollen data during this interval supports a more stable lacustrine 
environment, which indicates that the local environment was probably rich in aquatic 
resources. 
 Increased population growth and sustained agricultural practices occurred during 
the Troyville (ca.1,600-1,300 yr B.P.) to Mississippian cultures (750-300 yr B.P.), as 
evidenced by more complex settlements and an increased archaeological record of wild 
plant remains from sites across the LMV (Byrd and Neuman, 1978; Guccione et al., 
1988; Kidder and Fritz, 1993). The Troyville and Coles Creek (ca. 1,300-800 yr B.P.) 
cultures are defined by the usage of wild local foods such as sumpweed (Iva annua), 
wild-type chenopod (Chenopodium sp.), pigweed (Amaranthus sp.), and maygrass 
(Phalaris caroliniana). In addition, new cultigens appeared around this period, such as 
squash (Cucurbita sp.) and bottle gourd (Lagenaria siceraia sp.). Significant changes in 
the number of site components and vegetation assemblages occurred at Catahoula Lake 
during this time. Most notable is the observation of a single maize pollen grain in two 
consecutive samples in core CLR3 spanning PAZ’s 3a/b. Based on the radiocarbon dates 
and calculated sedimentation rates the pollen grains date between ~1,520-1,450 Cal yr 
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B.P. This date places it well within previously accepted dates for small-scale maize 
agriculture in the eastern United States based on both macrofossil and pollen records 
(Whitehead and Sheehan, 1985; Delcourt et al., 1985). In fact, evidence of maize (Zea 
mays) and sunflower (Helianthus annua) appeared later in the Coles Creek, with 
significant maize cultivation occurring in Louisiana around 1,550 to 1,450 yr B.P. (ca. 
400 to 500 AD) (Byrd and Neuman, 1978; Neuman, 1984; Kidder and Fritz, 1993). The 
oldest maize pollen grain, however, is dated at 3,500 yrs BP and was found in Lake 
Shelby on the Alabama Gulf Coast (Fearn and Liu, 1995). Although only one Zea mays 
grain is identified per sample, higher values of Iva and Chenopodiaceae-Amaranthaceae 
and the presence of Hypericum indicate the presence of small-scale agricultural practices 
within the Catahoula Lake watershed during this time interval. The slightly higher 
percentages of C3 grass phytolith types may also indicate the increased manipulation of 
land in order for maygrass, a C3 grass grain, to thrive. This hypothesis is confirmed by 
the fact that this period corresponds to the highest number of archaeological site 
components documented around the lake. 
 The Mississippian culture that followed is defined by increases in developed 
villages associated with wetland, riparian, or river habitats (Delcourt et al., 1985). At 
Catahoula Lake, this period is characterized by a decrease in archaeological site 
components. A commonly held hypothesis suggests that areas with variability in flooding 
regimes influence the predictability of the land available for sustainable agriculture, thus, 
lowering the agricultural land value of the area (Gibson, 1994; Hamilton, 1999). There is 
evidence of decreases in Cheno-Ams, Helianthus, and Iva while Poaceae and Cyperaceae 
increases. The marshy environment during this time may have lacked the benefits present 
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from the more developed lacustrine environment with well-defined, stable shorelines 
necessary for agriculture. On the contrary, evidence of small-scale food production is 
found in more habitable sites, throughout Louisiana, during the same period. This 
interpretation is based on the macrofossil evidence of tropical cultigens and increases 
documented in native cultigens, especially Chenopodiaceae-Amaranthaceae (Byrd, 1974; 
Wiseman and McClousky, 1979; Neuman, 1984). 
 During the beginning of the historic period (post-250 yr B.P.) and the 
development of the present-day lake hydrology, the archaeological components increase, 
while there are no indications in the pollen data that would provide evidence for the 
development of large-scale agriculture in the region. In particular, there is no distinct 
Chenopodiaceae-Amaranthaceae spike like the one documented around the United States 
during the increase in European settlement (i.e.; McAndrews, 1988; Delcourt; 1993; 
Fearn, 1995). The absence of this Chenopodiaceae-Amaranthaceae spike support the 
hypothesis that land-use in the area is strongly influenced by the lake’s low-lying nature 
and tendency to flood periodically (Jeter et al., 1989). Anthropogenic effects, however, 
became apparent in the pollen record during the mid-nineteenth century, and are 
documented by an initial decline of Quercus and Pinus pollen in the PAZ 5 of CLR1 and 
PAZ 4 in CLR3. The pollen decline may be explained by the logging and deforestation of 
the longleaf pine and hardwood forest in the Miocene uplands occurring during this time 
interval (Kerr, 1963; MacDonald et al., 1979). These pollen declines are quickly followed 
by an increase in both taxa, likely due to better and more controlled logging practices. 
More recently, the past 150-100 years has seen major human-induced modifications on 
lake hydrology, resulting in an overall increase in sedimentation rates as calculated from 
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Pb data. These increased sedimentation rates can be attributed to the building of dams 
and levees along rivers associated with the Catahoula Lake drainage system, which has 
raised the shoreline by 3 to 4 meters (Russell, 1942). 
5.6. Conclusions 
 Several lines of evidence have been used to interpret the changes in pollen 
assemblages throughout the latest Holocene at Catahoula Lake. In fact, the data suggest 
that the primary controlling factor over vegetational changes has been the variability in 
lake hydrology. These hydrological changes, in turn, have had a notable effect on 
settlement patterns and the degree of anthropogenic changes documented.  Pollen and 
phytolith evidence indicates several periods of higher lake level followed by periods of 
fluctuating water levels. These hydrological changes are most probably explained by the 
changes in the regional drainage basin due to river flood events in the LMV. 
In the end, however, hydrological change is not the only driving force affecting 
vegetation. The environmental processes leading to these dynamic hydrological changes 
clearly represent a regional expression of global climatic events. The sediment and plant 
microfossil (pollen and phytolith) records indicate that Catahoula Lake witnessed the 
effects of climate change episodes that are identified globally and within the Mississippi 
River basin. This is most notably the case for the transition out of the Hypsithermal, 
which is documented by fluctuations in upland and wetland species. By 4,000 yr B.P., the 
fluctuating hydrology of Catahoula Lake was present with the establishment of oak-pine-
hickory uplands and BHF and distinct shallow lake vegetational assemblages. The 
palynological signal from Catahoula Lake provides additional evidence indicating that 
increased flooding events occurred from ca. 3,000 to 2,000 yr B.P. as proposed by Liu et 
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al. (1994) and Kidder and Adelsberger (Kidder, 2006; 2008) in the Gulf coast region and 
LMV, respectively. This period of high flooding is followed by a return to fluctuating 
water conditions that has persisted to the present, with the exception of a possible short 
drying episode at ~1,200 to 550 yrs B.P. and cooler, wet episode representing the MWP 
and LIA, respectively. 
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 Both phytolith and pollen data proved useful in reconstructing the vegetational 
and hydrological history of Catahoula Lake, Louisiana. Of particular use was the 
examination of phytolith morphotype production and distribution from modern plant 
material and surface sediments from in and around the lakebed vegetational 
environments. This modern analog identified 50 phytolith-producing plants and was used 
in conjunction with pollen to interpret vegetational communities in downcore assemblage 
data.  
 Sediment cores examined in this study span the time from recent to ~4,500-5,000 
yrs B.P. Two of the three cores collected were useful in establishing this chronological 
history through the use of radiocarbon (
14
C) dating of organic material. Magnetic 
susceptibility graphic comparison was used to further aid in age constraint and correlation 
between cores. In addition to being utilized as a stratigraphic tool, MS data provided a 
record of terrestrial sediment influx into the lake associated with changes in the lake 




N) and C/N ratios show that the lake 
sediment OM is primarily a mixture of lacustrine algal and C3 terrestrial plant sources. 
The above-mentioned techniques, in conjunction with paired phytolith and pollen 
analysis, identified the following significant hydrological events during the latest 
Holocene that in turn impacted the vegetational communities in and around Catahoula 
Lake, Louisiana. 
1) Increasing lake levels, fluctuations between upland and wetland arboreal pollen 
taxa, and overall increases in herbaceous types marked the transition out of the 
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Hypsithermal. These changes, in addition to an increase in Chloroideae phytoliths 
representative of cool, temperate and flood-tolerant grasses, indicate overall mesic 
conditions. 
2) By ~4,000 yr B.P., the warm temperate forest dominated by oaks (Quercus), 
southern pines (Pinus) and hickory (Carya) flourished in the uplands. The 
shallow, stable lake environment supported a surrounding bottomland hardwood 
forest (BHF) and lakebed plant assemblage consisting of taxa such as Salix, 
Planera, Taxodium, and Cyperaceae. 
3) Lake levels were higher between ~3,500-2,000 yr B.P., allowing the 
establishment of stable shoreline vegetation. These higher lake levels correspond 
to a period of active flooding documented in the Mississippi River Valley. Carbon 
isotope data were lower during this interval indicating an increase in C3 terrestrial 
plant material into the lake sediments.  The decrease is paired with initial, higher 
MS values. The initial MS increase may represent the input of floodwaters from 
the surrounding basins that transported sediment into the lake. 
4) Following this high water period, lake levels resembled the fluctuating water 
conditions present today, as evidenced by a decrease in stable carbon isotopes, 
increase in Pooideae phytolith-types, and increases in non-grass phytoliths. The 
non-grass phytolith increase suggests that the lower, fluctuating lake levels 
permitted the encroachment of the surrounding scrub-shrub/BHF vegetation onto 
the lakebed. 
5) MWP and LIA events are represented by a short drying episode and cooler, wet 
episode, respectively. The MWP is defined by increases in species that thrive in 
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low-standing water environments (i.e. Cyperaceae and Sagittaria) and increase in 
non-grass phytolith types. This is in contrast to the period encompassing the LIA, 
which was represented by higher percentages of cool season grasses and stable 
pollen values of flood-tolerant arboreal and aquatic taxa. 
 Based on these significant hydrological events and documented vegetation 
changes interpreted from the results of this study lake levels played an important role in 
whether or not the lake area was inhabited. This corroborates with the localities and 
number of archaeological sites previously documented. In fact, periods of low 
documented archaeological site components corresponded to periods when the lake levels 
were low and unstable. Periods of higher archaeological site components correspond to 
higher more stable lake levels. In addition, pollen data during these times indicate an 
increase in disturbance taxa and possible small-scale agriculture based on the occurrence 
of Zea mays and increases in cultivated grass species. 
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APPENDIX A. PHYTOLITH MODERN REFERENCE ATLAS AND SUPPLEMENTAL DATA TABLE NOT IN TEXT 
(CHAPTER 2) 
 
Appendix A. Plant material (leaves and/or stems) processed for phytoliths from selected Catahoula Lake taxa 
Phytoliths 
Division Class Family Genus and Species 
Abundance* Diagnostic 
Coniferophyta (Gymnosperms) Pinopsida 
Taxodiaceae Taxodium distichum (L.) 
L. C. Rich. 
N 
 
Magnoliophyta (Angiosperms) Liliopsida (Monocotyledons) 
Alismataceae 
Sagittaria latifolia Willd. N 
 
  Aracaceae Sabel minor (Jacq.) Pers. A X 
  











  Arundinaria gigantea A X 
  














(L.) P. Beauv. 
A X 





  Luziola fluitans (Michx.) A X 
  
Poaceae 
Paspalum distichum L. A X 
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Appendix A. Continued 
Phytoliths 
Division Class Family Genus and Species 
Abundance* Diagnostic 




   Setaria L. sp. A X 
   Zea mays L. A X 
   Zizania aquatica L. A X 
  Smilacaceae Smilax L. sp. N  
  Amaranthaceae Amaranthus sp. N  
  





difforme (Walt.) Gray 
A  
  Aquifoliaceae Ilex decidua Walt. R  





Bidens cernua L. N  
Eclipta prostrata L. N  
Iva frustescens L. R  





Xanthium strumarium L. C  
  Boraginaceae Heliotropium indicum L. R  
Sambucus canadensis L. N  
  
Caprifoliaceae 
Viburnum acerifolium L. R  
  Chenopodiaceae Chenopodium album L. R  
  Clusiaceae Hypericum mutilum L. N  
  Convolvulaceae Ipomoea lacunosa L. N  










Appendix A. Continued 
Phytoliths 







(L.) B. S. P. 
N  
Gleditsia aquatica Marsh C  
Phaseolus polystachios 
(L.) Britton, Sterns & 
Poggenb. 
  












 Quercus lyrata Walt. A  
  




Juglandaceae Carya aquatica (Michx.) 
Nutt. 
C  
  Lentibulariaceae Utricularia vulgaris L. N  
  Liliaceae Allium canadense L. N  
  
Lythraceae Ammannia coccinea 
Rottb. 
N  
  Malvaceae Hibiscus moscheutos L. C  
   Urena lobata L. C  
  
















Appendix A. Continued 
Phytoliths 
Division Class Family Genus and Species 
Abundance* Diagnostic 
  Passisfloraceae Passiflora incarnata L. N  
  









Rosaceae Amelanchier arborea 
(Michx. f.) Fernald 
N 
 
  Rubus trivialis L. N  
  
Rubiaceae 
Diodia virginiana L. A  





  Lindernia anagallidea N  
  
Solanceae 
Solanum L.sp. N  
  
Sphenocleaceae Sphenoclea zeylandica 
Gaertn. 
N  
  Ulmaceae Celtis tenuifolia Nutt. R  
  
 Planera aquatica (Walt.) 
J. F. Gmel. 
C  
  













*A= Abundant; C= Common; R= Rare; N= None; X= Diagnostic phytoliths present. 
 
Classification used in this table is that of: 
USDA, NRCS. 2004. The PLANTS Database, Version 3.5 (http://plants.usda.gov).  
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Phytolith Atlas         
 
PINOPSIDA 
Taxodium distichum (L.) L. C. Rich. 
 
LILIOPSIDA (Monocotyledons) 
Sagittaria latifolia Willd. 
Sabel minor (Jacq.) Pers. 
Commelina diffusa Burm. f. 
Cyperus erythrorhizos Muhl. 
Eleocharis parvula Muhl. 
Fimbristylis spp. (Lam.) Britton  
Cynodon dactylon (L.) Pers. 
Digitaria ciliaris (Retz.) Koel. 
Eragrostis hypnoides (Lam. Britton, Sterns & Poggenb. 
Echinochloa crus-galli (L.) P. Beauv. 
Leersia virginica Willd. 
Leptochloa fascicularis (Lam.) Grey 
Luziola fluitans (Michx.) Terrell & H. Rob. 
Paspalum distichum L. 
Phalaris caroliniana Walter 
Setaria faberi (L.) 
Zea mays L. 
Zizania aquatica L. 




Asimina triloba (L.) Dunal 
Trachelospermum difforme (Walt.) Gray 
Ilex decidua Walt. 
Acmella oppositifolia (Lam.) R. K. Jansen 
Ambrosia artemisiifolia L. 
Bidens cernua L. 
Eclipta prostrata (L.) L. 
Iva frustescens L. 
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Pluchea camphorata (L.) DC. 
Xanthium strumarium L. 
Heliotropium indicum L. 
Sambucus nigra spp. canadensis L. 
Viburnum acerifolium L. 
Chenopodium album L. 
Hypericum mutilum L. 
Ipomoea lacunosa L. 
Diospyros virginiana L. 
Acalypha rhomboidea Raf. 
Euphorbia masculata(L.) Small 
Phyllanthus caroliniensis Walt. 
Aeschynomene virginica (L.) B. S. P. 
Gledistsia aquatica Marsh 
Phaseolus polystachious (L.) Britton, Sterns & Poggenb. 
Sesbania macrocarpa (P. Mill.) McVaughn 
Strophostlyes umbelleta (Muhl.) Britt. 
Quercus lyrata Walt. 
Liquidambar styraciflua L. 
Carya aquatica (Michx.) Nutt. 
Utricularia macrorhiza Leconte 
Allium canadense L. 
Ammania coccinea Rottb. 
Hibiscus moschuetos L. 
Urena lobata L. 
Marsilea vestita Hook. & Grev. 
Mimosa strigillosa Torr. & Gray 
Forestiera acuminata (Michx.) Poir. 
Ludwigia palustris (L.) Elliot 
Passiflora incarnata L. 
Brunnichia ovata (Walt.) Shinners 
Heteranthera limosa (Sw.) Willd. 
Amelanchier arborea (Michaux f.) Fernald 
Rubus trivialis L. 
Diodia virginiana L. 
Salix nigra Marshall 
Bacopa egensis (Poepp.) Pernell 
Bacopa rotundifolia (Michx.) Wettst. 
Lindernia dubia (L.) Pennell var. anagallidea (Michx.) Cooperr. 
Solanum L. sp. 
Sphenoclea zeylandica Gaertn. 
Celtis tenuifolia Nutt. 
Planera aqautica (Walt.) J. F. Gmel. 
Boehmeria cylindrica (L.) Swartz 
Lippia lancelota (L.) Michx. 





Figure 1: Photographs of bottomland hardwood forest and ‘open/disturbed’ sampling 




Plate 1: Example of siliceous phytoliths recovered from Catahoula Lake. 




 This Phytolith Atlas has been prepared especially for the Catahoula Lake Basin. It 
is designed to address phytolith production in the dominant plants from the Catahoula 
Lake area. This is not a complete account of the vegetation located in and around 
Catahoula Lake, but a comprehensive study of phytolith production by the dominant 
vegetation of the lakebed, shoreline, and forest communities. It is our hopes that this 
Atlas will enhance our understanding of phytolith production in plants located throughout 
similar environments in the southeastern United States. 
 
Phytoliths. Siliceous phytoliths (Plate 1) are formed by ground water silica that is 
drawn up into the plant and precipitated within, between, or in the walls of plant cells 
(Bozarth, 1990). When plants or plant parts decay, phytoliths are released into the soil, 
where they are resistant to weathering that can destroy pollen and other organic matter 
(Baker, 1960; Bozarth, 1990). Some phytoliths are morphologically diagnostic at the 
species level of the plants that produced them; others are distinctive only at a higher 
taxonomic level, or not at all. 
 
Phytolith systematics (i.e., the description of phytoliths and their distribution in 
plant taxa) is still an immature science, though significant progress was made during the 
1990’s (Mulholland and Rapp, 1992; Pearsall, 2000). In spite of the immaturity of this 
field of science, phytoliths have proven to be excellent paleoenvironmental tools in 
Louisiana (Fearn, 1995) and elsewhere (e.g.; Fraticelli, 1999; Meunier and Colin, 2001). 
 
Methods and materials 
Plant samples: Leaf and/or stems of 77 plant taxa including taxa noted by Bruser (1995), 
were collected for this study from either the Louisiana State University Herbarium, The 
Florida Museum of Natural History (Gainesville, Florida), or in the field at the Catahoula 
National Wildlife Refuge, Rhinehart, Louisiana. Plant material was ashed to extract 
phytoliths according to procedures of Pearsall (2000) and by wet acid digestion (Piperno, 
1988). The plant taxonomy and nomenclature used in the atlas follows that of: 
USDA-NRCS. 2004. The PLANTS Database (http://plants.usda.gov).  
National Plant Data Center, Baton Rouge, LA 70874-4490 USA 
 
Plant phytoliths were studied on a Leitz Dialux 20 microscope and their images were 
captured using a Motic 2000 digital camera and Motic Plus 2 software. Five to ten 
representative specimens of each phytolith type were measured. This atlas includes an 
image of each plant studied, each plant’s habitat preferences, and images and dimensions 
of the dominant phytoliths produced by each plant. 
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Systematic Descriptions of Observed Phytoliths 
Phytoliths are found in an array of shapes and sizes. The shape that a plant may 
produce is depends on: (1) the type of cell in which the silica is deposited; (2) the 
location of the cell within the plant; and (3) the degree of silicification (Piperno, 1988). 
There is no universally accepted scheme of descriptive nomenclature for phytolith 
shapes. Currently, two basic methods of phytolith descriptions exist: taxonomic and 
morphologic. Taxonomic descriptions relate specific phytolith shapes to an identified 
plant. The morphologic approach is based solely on the physical shape of the phytoliths.  
In this study, morphotypes were named and assigned specific categories. They are 
grouped by 1) tissue type and origin (e.g. Mulholland and Rapp, 1992) and 2) phytolith 
morphology (e.g.; Piperno, 1988; Pearsall, 2000; Thorn, 2003). This addresses the 
complexity and morphologic variation within plant types as well as the uncertainty in the 
anatomical origin of specific morphotypes. Phytoliths fall into two large groups: Non-
grass phytoliths and Grass phytoliths. (Note: Cyperaceae is grouped with Poaceae due to 
similiarity in ecological habitats). There are also non-distinguishable types that are 
produced in both grass and nongrass groups. 
Non-Grass Phytoliths 
Non-grass phytoliths in categories one to three include those derived from a 
known tissue type. The remainders (#4-9) are morphologic forms. 
1. Mesophyll tissues: Commonly silicified massive cells with a honeycomb-like 
appearance. 
2. Epidermal cells: Commonly silicified massive interlocking cells ranging from 
spherical to those like jigsaw-puzzle pieces, termed anticlinal. 
3. Tracheary elements: Bodies formed in vascular tissues and characterized by 
spiral thickenings and “branched” structures. Commonly produced by the 
leaves of many arboreal and herbaceous dicotolyedons. 
4. Spherical-sub spherical: includes spherical shaped bodies whose surface 
texture ranges from smooth-to-ornamented or scalloped. 
5. Elongates: Elongates are more or less linear phytoliths with a length 
approximately two times that of their width. A wide range of surface texture 
can be exhibited. Elongate, non-grass phytoliths are indistinguishable from 
elongates produced in grasses. 
6. S-bodies: Somewhat elongate, irregularly shaped phytolith. 
7. Blocky bodies: Roughly compact, equidimensional phytoliths. Includes thick, 
faceted plates and squares. Blocky bodies occur in both grass and non-grass 
species and are indistinguishable with one exception. Bulliform phytoliths are 
blocky that are produced only in grass long cells. 
8. Polyhedral: Distinct 4-to-8 sided rectangular bodies that exhibit a range in 
long axes length. They are commonly formed in the leaves of many deciduous 
trees (Rovner, 1971; Geis, 1973). 
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Fig. 1. A- Sampling site next to the road on Bird island Point. Note grass in open areas. 
Little River is behind the tree line. B- Water elm near the water on Bird Island Point. C- 
Collecting pinch samples in the shaded forest on the east side of the Duck Lake 
Impoundment. D- Water-elm in low lying area adjacent to Little River on Bird Island 
Point. Note the still damp soil from which the flood waters have recently receded. E- 
Open area on the shore of the Duck Lake Impoundment. The grass-covered area in the 
foreground is between the forest in the back and a dirt road out of the picture on the left. 
The water filled hole in the foregrond in a wild boar wallow. The grass does not extend 
into the heavily shaded forest. 
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9. Unknown: Silicified bodies of irregular shape and of unknown morphological 
origin that could not be comfortably placed in any category. 
 
Grass Phytoliths 
Phytoliths produced in grass epidermal cells can be divided into two 
morphological classes; long cells and short cells. Long-cell silica bodies are variable in 
shape but tend to be blocky bodies and elongate with crenate, interlocking borders. These 
phytolith shapes originate in the epidermal and vascular tissues of both the Liliopsida 
(Monocotyledons) and Magnoliopsida (Dicotyledons) and are not considered as useful in 
distinguishing among grass or non-grass phytoliths. An exception is the bulliform blocky 
body, which is a diagnostic phytolith of grasses (Rovner, 1971). Trichomes (i.e. haircells 
and/or “prickles”) are formed within epidermal appendages that occur in both 
monocotyledon and dicotyledons. These phytoliths, however, vary in their usefulness for 
differentiating between taxa (Pearsall, 2000). Grass silica short cells (GSSC), on the other 
hand, can be divided into distinctive subfamilies (Twiss et al., 1969; Fredlund and 
Tieszen, 1997; Piperno and Pearsall, 1998) and for the purposes of this study they were 
organized into the following categories based loosely on Thorn (2004) and Fredlund and 
Tieszen (1997). (See Chapter 2 for class seperations defined for this study). 
1. Simple bilobates: These bilobates consist of two lobes separated by a wide 
shaft. The ends of the lobes are rounded-to-relatively straight. 
2. Panicoid-type bilobates: Differs from simple bilobates by having indented or 
sculpted ends. 
3. Crosses: Generally have three or four relatively symmetrical lobes lacking a 
shaft, but they can also have an asymmetrical shape with four or five irregular 
lobes. 
4. Polylobates: Similar to bilobates but they have one or two additional lobes 
located along the shaft. 
5. Saddles: Saddles typically have two opposite concave and two opposite 
convex sides. They are often described as having a “battle-ax” appearance.  
However, some saddles only have one concave side or none at all. Two types 
of saddles are defined; short saddle and long saddle (Piperno and Pearsall, 
1998; Lu and Liu, 2003). Short saddles have a distance between the base and 
the top that is less than the basal diameter, while the long saddle has a distance 
between the base and the top which is greater than the basal diameter. 
6. Rondels: Are approximately conical in shape, but do vary in morphology. The 
“typical” morphology has a circular base and a flat, circular top that is smaller 
than or equal in diameter to the base. Variants can have a sharp ridge-shaped 
or spiked top. Others have a rectangular or lobed base that is bilobate in planar 
view. 
7. Trapeziform sinuate: Also termed wavy trapezoid or crenate, have an overall 
rectangular/elongate body with flat base and top and wavy sides. 
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8. Rectangular/triangular: Generally small (<10 microns) rectangular or 
triangular shapes, often psilate in sculpturing. 
9. Cones: Conical in appearance with a central apex on platelets. Some cones 
have secondary apices (‘satellites’) surrounding the central node on the 
platelet. These are of taxonomic importance for identifying phytoliths 
produced in the Cyperaceae (Ollendorf, 1992). 
10. Unknown: Grass short cells that don’t fit in any of the previous categories. 
 
Non-distinguishable 
1. Stomata: Silicified stomata and guard cells, which are ovoid in shape if 
entirely silicified. Stomata are pores located in the epidermal tissues of 
leaves. They are surrounded by two crescent-shaped guard cells that contract 
or expand to vary the width of the pore.  
2. Cystoliths: Verrucate phytoliths that may be spherical, mushroom-shaped or 
have a distinct trunk with which they are attached to the cell wall or base of 
trichomes. Some cystoliths have no obvious point of attachment or are 
flattened on their circumference where they are attached to the cell wall (e.g. 
Boehmeria cylindrica; Bozarth, 1992). 
3. Trichomes: Trichomes, commonly known as hairs and/or “prickles”, usually 
have an ovoid to circular base where they were attached to the plant and a 
pointed top. They can be segmented or non-segmented. These phytoliths form 
within epidermal appendages of both monocotyledons and dicotlyedons. 
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Examples of siliceous phytoliths recovered from Catahoula Lake sediments. 
 
A- Epidermal cell, hexagonal plate with reticulate surface. Parent plant unknown. Pit 
sample 0-1 cm, Core Site 1.  
B- Echinate spherical. Parent plant of the Palmae family. Pit sample 0-1 cm, Core 
Site 1.  
C- Short saddle. Panicoid grass (Poaceae). Pit sample 0-1 cm, Core Site 1. 
D- Elongate, surface and margins pitted. Parent plant unknown.  Pit sample 0-1 cm, 
Core Site 1. 
E- Cross-shaped phytolith.    Pit sample 0-1 cm, Core Site 1. 
F- Short saddle. Panicoid grass (Poaceae). Catahoula Lake Core 2, core catcher 
sample from the bottom of the 45.0-45.6 foot core section. 
G- Panicoid-type bilobate. Panicoid grass (Poaceae). Catahoula Lake Core 2, core 
catcher sample from the bottom of the 45.0-45.6 foot core section. 1. 
H- Irregular shape. Pinus, Catahoula Lake Core 2, core catcher sample from the 
bottom of the 45.0-45.6 foot core section. Site 1. 
I- Rondel, lobed base. Panicoid or Pooideae grass (Poaceae). Pit sample 0-1 cm, 
Core Site 1. 
J- Panicoid-type bilobate. Panicoid grass (Poaceae). Catahoula Lake Core 2, core 
catcher sample from the bottom of the 45.0-45.6 foot core section. 
K- Elongate bar, crenulated margins. Long cell. Parent plant unknown. Catahoula 
Lake Core 2, core catcher sample from the bottom of the 45.0-45.6 foot core 
section. 
L- Hexagonal plate, ruminate surface with small rim around the phytolith margin. 
Parent plant unknown. Catahoula Lake Core 2, core catcher sample from the 
bottom of the 45.0-45.6 foot core section. 
M- Field of view showing abundant phytoliths (P) and freshwater sponge spicules 
(S). Pit sample 0-1 cm, Core Site 1. Coarse fraction (>10 m). 
N- Field of view showing abundant phytoliths (P) and freshwater sponge spicules 








Species: Taxodium distichum (L.) L. C. Rich. 
Common Name: Baldcypress 
Habitat: A tree found in the wet areas of swamps,  
 river bottoms, lake margins, and areas of  
 standing water. 
 
Plant Parts Digested: Leaf 
Plant Source:               Florida Museum of Natural History 
Plant Collected: Jasper County, Texas 
Phytolith Description:  Non-producer 
  
References:         Duncan, W.H. and M.B. Duncan, 1987. The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  








Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Alismataceae 
Species: Sagittaria latifolia Willd.  
Common Name: Broadleaf arrowhead 
Habitat: An aquatic herb that occurs in the still,  
 shallow waters of ditches, ponds, lakes,  
 and swampy areas. 
 
Plant Parts Digested: Leaf and stem 
Plant Source:               Louisiana State University Herbarium 
Plant Collected:  Sabine Wildlife Refuge, Cameron Parish, Louisiana 
Phytolith Description:  Non-producer 
 
References:         Duncan, W.H. and M.B. Duncan, 1987. The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Aracaceae 
Species: Sabel minor (Bart.) Small 
Common Name: Drawf palmetto 
Habitat: This palm occurs in low pine woods,  
 savannas, coastal dunes, and 
 thickets. Rare in dry pine barrens 
 and sandy soil. 
 
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University campus 
Plant Collected: Baton Rouge, Louisiana 
Phytolith Description: 
 Shape: Spherical 
 Sculpturing: Echinate 
 Dimensions: 
                 Radius:        3 (4) 6 μm 
 N=10 
 
References: Bozarth, S., 1992. Classification of Opal Phytoliths formed in Selected Dicotyledons 
Native to the Great Plains. In: Phytolith Systematics: Emerging Issues.  Rapp, G. Jr. 
and Mulholland, S., eds., Plenum, N.Y., p. 193-214. 
Brown, C.A., 1965. Louisiana Trees and Shrubs.  Louisiana Forestry Commission 





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Commelinaceae 
Species: Commelina diffusa Burm. f. 
Common Name: Climbing dayflower, woods dayflower 
Habitat: An herb commonly found in disturbed, wet soils along roadside 
ditches, disturbed forests, and in moist sandy soils. Moist to drier 
places, in woods or open areas. 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University Herbarium 
Plant Collected: East Baton Rouge, Louisiana 
Phytolith Description: 
 Shape: Blocky 
 Sculpturing: Perforate 
 Dimensions: 
                 Length:        28 (36) 66 μm 
                   Width:       28 (29) 42 μm 
 N=5 
  
References: Duncan, W.H. and L.E. Foote, 1975. Wildflowers of the  
 Southeastern United States. The University of Georgia Press,  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Cyperaceae 
Species: Cyperus erythrorhizos Muhl. 
Common Name: Redroot Flatsedge, umbrella 
  sedge 
Habitat: This sedge grows along rivers 
and streams, around lakes and 
ponds, and in wet fields and 
prairies. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University 
 Herbarium 
Plant Collected: Destreham, Louisiana 
Phytolith Description: 
 Shape: Cone 
 Sculpturing: Tuberculate 
 Dimensions: 
                 Length:        8 (10) 12 μm 
                   Width:       7 (9) 11 μm 
 N=6 
   
References: Knobel, E, 1980. Field Guide to the Grasses, Sedges, and  
 Rushes of the United States. Dover Publications, Inc., New  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Cyperaceae 
Species: Eleocharis parvula  
  Muhl. 
Common Name: Dwarf spike-rush 
Habitat: Commonly found in 
salt and brackish 
marshes and tidal 
fresh marshes; also 
found in wet inland 
soils. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Kentwood, Louisiana 
Phytolith Description: 
 Shape: Cone 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        21 (23) 25 μm 
                   Width:        2 (3) 5 μm 
 N=6 
   
References: Knobel, E, 1980. Field Guide to the Grasses, Sedges, and  
 Rushes of the United States. Dover Publications, Inc., New  




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Cyperaceae 
Species: Fimbristylis sp. (Lam.) Britton, 
 Sterns & Poggenb. 
Common Name: Fimbry 
Habitat: Found in moist, sandy, or clayey 
sediments. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University   
  Herbarium 
Plant Collected: Catahoula Parish, Siciliy Island  
  Hills WMA, Louisiana 
Phytolith Description: 
 Shape: Cone 
 Sculpturing: Psilate, with satellites 
 Dimensions: 
                 Length:        10 (12) 15 μm 
                   Width:       10 (11) 15 μm 
 N=6 
 
References: Knobel, E, 1980. Field Guide to the Grasses, Sedges, and  
 Rushes of the United States. Dover Publications, Inc., New  




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Arundinaria gigantea (Walt.) 
Muhl. 
Common Name: Gaint cane 
Habitat: Grows well in moist soils in 
disturbed sites, swampy 
environments, and open areas of 
bottomland forests. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University 
 Herbarium 
Plant Collected: East Baton Rouge Parish, Louisiana 
Phytolith Description: 
     Shape: Saddle  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       11 (12) 15 μm 
                   Width:       7 (9) 11 μm 
  N=5 
  
References: Knobel, E, 1980.  Field Guide to the Grasses, Sedges, and  
 Rushes of the United States.  Dover Publications, Inc., New  




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Cynodon dactylon 
(L.) Pers.  
Common Name: Bermuda grass 
Habitat: Grows well in moist 
soils in disturbed 
sites, landscaped 
areas and crop land. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State 
  University Herbarium 
Plant Collected: East Baton Rouge Parish, Louisiana 
Phytolith Description: 
     Shape: Saddle  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        7 (9) 11 μm 
                   Width:        8 (10) 11 μm 
  N=5 
  
References: Knobel, E, 1980.  Field Guide to the Grasses, Sedges, and  
 Rushes of the United States.  Dover Publications, Inc., New  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Digitaria ciliaris (Retz.) Koel.  
Common Name: Southern crabgrass 
Habitat: A grass found in sunny disturbed areas along roadsides, open hill 
sides, pastures, cultivated areas, and waste areas. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State  
  University Herbarium 
Plant Collected: Catahoula Lake,  
  Rapides Parish,  
  Louisiana 
 
Phytolith Description: 
     Shape: Bilobate (Panicoid-type)  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        21 (23) 25 μm 
                   Width:       2 (3) 5 μm 
     Shape: Bilobate (Simple)  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       13 (15) 16 μm 
                   Width:       4 (5) 7 μm 
  N=5 for both phytolith types measured. 
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular 





Catahoula Lake, Louisiana 
 
 Class: Liliopsida (Monocotyledons) 
 Family: Poaceae 
 Species: Eragrostis hypnoides  
  (Lam.) Britton, Sterns &  
  Poggenb. 
 Common Name: Teal lovegrass 
 Habitat: Grows along muddy or 
shandy shores of lakes and 
rivers; also found in moist 
disturbed sites 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University  
  Herbarium 
Plant Collected: Camp Beauregard, Rapides Parish, Louisiana 
Phytolith Description: 
     Shape: Rondel  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        12 (14) 17 μm 
                   Width:       5 (7) 9 μm 
     Shape: Bilobate (Simple)  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        13 (15) 16 μm 
                   Width:        4 (5) 7 μm 
  N=5 for both phytolith types measured. 
  
References: Knobel, E, 1980.  Field Guide to the Grasses, Sedges, and  
 Rushes of the United States.  Dover Publications, Inc., New  




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Echinochloa crus-galli (L.) P. 
 Beauv. 
Common Name: Barnyard grass, water millet 
Habitat: Common in tidal fresh marshes; 
nontidal marshes, swamps, and 
shallow waters. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University  
  Herbarium 
Plant Collected: Rapides Parish, Boyce, Louisiana 
Phytolith Description: 
     Shape: Cross 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        13 (15) 17 μm 
                   Width:       12 (15) 18 μm 
     Shape: Bilobate (Simple)  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       14 (16) 18 μm 
                   Width:       5 (6) 8 μm 
  N=5 for both phytolith types measured. 
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular 




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Leersia virginica Willd. 
Common Name: Whitegrass 
Habitat: A grass that grows in moist areas around swamps, ponds, lakes,  
  wet meadows, roadside ditches, and low woods. 
 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of Natural History 
Plant Collected: Washington County, Alabama, bottoms of Tombigbee River 
Phytolith Description: 
     Shape: Elongate 
 Sculpturing: Tuberculate  
 Dimensions: 
                 Length:       23 (125) 52 μm 
                   Width:       7 (14) 24 μm 
     Shape: Saddle  
 Sculpturing: Granulate, Psilate 
 Dimensions: 
                 Length:        7 (9) 9 μm 
                   Width:        4 (5) 6 μm  
 N=6 for both phytolith types measured 
 
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular Florida.   





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Leptochloa fascicularis (Lam.) Grey  
Common Name: Bearded sprangletop 
Habitat: Medium height, clump forming annual grass that occurs in salt, 
brackish, and tidal marshes, nontidal marshes, wet sands, and 
disturbed areas as well as on the shore of lakes and ponds. A wetland 
indicator species. 
Plant Parts Digested:  Leaf 
Plant Source: Florida Museum of Natural History 
Plant Collected: Glades County, Florida, native pastures on cattle farm 
Phytolith Description: 
     Shape: Saddle 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       6 (8) 11 μm 
                   Width:      8 (11) 13 μm 
     Shape: Trichome 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       6 (9) 11 μm 
                   Width:      5 (7) 13 μm 
                                       N=6 for both phytolith types measured 
 
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Luziola fluitans 
 (Michx.) Terrell & 
 H.Rob. 
Common Name: Southern watergrass 
Habitat: Usually grows in slow 
moving water of ponds, 
lakes, and swamps and 
often forms mats along margins of water bodies. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University  Herbarium 
Plant Collected: Kentwood, Louisiana 
Phytolith Description: 
     Shape: Cross 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       9 (12) 14 μm 
                   Width:       7 (10) 12 μm 
  N=5 
  
References: Duncan W.H. and M.B. Duncan, 1987. The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular 




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons)  
Family: Poaceae 
Species: Paspalum distichum L. 
Common Name: Knotgrass, joint Pasplaum 
Habitat: A medium height, creeping perennial grass that forms mats and  
  is found in moist soils, shallow standing water, and brackish,  
  tidal, and freshwater marshes. 
 
Plant Parts Digested: Leaf 
Plant Source:               Louisiana State University Herbarium 
Plant Collected: Shongaloo, Louisiana 
Phytolith Description: 
     Shape: Polylobate 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:      20 (24) 27 μm 
                   Width:      4 (6) 8 μm 
     Shape:                     Rondel 
 Sculpturing:      Psilate 
 Dimensions: 
                 Length:      5 (7) 9 μm 
                   Width:     5 (6) 7 μm 
                                      N=5 for both phytolith types measured 
 
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Phalaris caroliniana Walter 
Common Name: Carolina canarygrass, maygrass 
Habitat: Commonly grows in wetland 
environments. Fruits often used as 
foodsource. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University   
  Herbarium 
Plant Collected: Alexandria, Louisiana 
Phytolith Description: 
     Shape: Trapeziform sinuate 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       22 (28) 39 μm 
                   Width:       8 (12) 15 μm 
  N=5  
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular 




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Setaria faberi (L.) 
Common Name: Foxtail bristlegrass 
Habitat: Common in salt, 




Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University  Herbarium 
Plant Collected: LSU Campus, Baton Rouge, Louisiana 
Phytolith Description: 
     Shape: Bilobate (Panicoid-type) 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        18 (23) 27 μm 
                   Width:        4 (6) 7 μm 
     Shape: Cross  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        13 (15) 16 μm 
                   Width:       10 (13) 15 μm 
  N= 5 for both phytolith types measured. 
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular 




Catahoula Lake, Louisiana 
 
 Class: Liliopsida (Monocotyledons) 
 Family: Poaceae 
 Species: Zea mays L. 
 Common Name: Corn 
 Habitat: Grown in agricultural areas 
 
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University  
  Herbarium 
Plant Collected: Bunkie, Louisiana 
Phytolith Description: 
     Shape: Cross  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       17 (23) 25 μm 
                   Width:       6 (8) 11 μm 




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Poaceae 
Species: Zizania aquatica L.  
Common Name: Annual wild rice 
Habitat: Found in tidal to nontidal 
marshes; borders of streams and 
shallow waters. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University  
  Herbarium 
Plant Collected: Baton Rouge, Louisiana 
Phytolith Description: 
     Shape: Rondel  
 Sculpturing: Psilate 
 Dimensions: 
                 Length: 10 (12) 13 μm 
                   Width: 8 (9) 10 μm 
  N=5  
  
References: Tiner, R.W., 1993. Field Guide to Coastal Wetland Plants.  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Smilacaceae 
Species: Smilax L. sp. 
Common Name: Greenbriar 
Habitat: A vine which grows in bottomland forests,  
 wet thickets, rich woods, and meadows. 
  
Plant Parts Digested: Leaf 
Plant Source: Catahoula Lake 
Plant Collected: Catahoula National Wildlife Refuge,  
 Rhinehart, Louisiana 
Phytolith Description:  Non-producer 
  
References: Venning, F.D, 1984.  A Guide to the Field Identification of  










Species: Amaranthus sp. 
Common Name: Amaranth, Pigweed 
Habitat:  Found in regularly flood 
 environments such as 
 brackish or freshwater 
 marshes. 
 
Plant Parts Digested: Leaf 
Plant Source: Catahoula Lake 
Plant Collected: Catahoula National  Wildlife Refuge, Rhineland, 
 Louisiana 
Phytolith Description:  Non-producer 
  
References: Venning, F.D, 1984.  A Guide to the Field Identification of  
 Wildflowers of North America.  Golden Pass, N.Y., 340 p. 
 246 
Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Annonaceae 
Species: Asimina triloba (L.) Dunal 
Common Name: Pawpaw 
 
Habitat:  Small to medium tree that grows 
 in moist, fertile soils of 
 hardwood forests and in rarely 
 flooded bottomlands. 
  
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University 
 Herbarium 
Plant Collected: Boyce, Louisiana 
Phytolith Description:  Non-producer 
 
References: Samuelson, L.J., and Hogan, M.E., 2003. Forest Trees: A guide to the 
 Southeastern trees and Mid-Atlantic Regions of the United States. Prentice 
 Hill, Upper Saddle River, New Jersey, 429 p. 
 247 
Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Apocynaceae 
Species: Trachelospermum difforme (Walt.) Gray 
Common Name: Climbing dogbane 
Habitat: A nearly herbaceous vine that grows in the low, damp disturbed  
  areas along roadsides, streams, swamps, marches, and wet  
  thickets. 
 
Plant Parts Digested: Leaf 
Plant Source:  Florida Museum of Natural  
  History 
Plant Collected: Lowndes County, Mississippi, 
  low oak-hickory area near  
  slough. 
Phytolith Description: 
 Shape: Epidermal irregular 
 Sculpturing: Granulate 
 Dimensions: 
                 Length:       9 (21) 40 μm 
                   Width:       7 (14) 23 μm 
 N=10 
 
References: Harrar, E.S. and J.G. Harrar, 1962.  Guide to Southern Trees.  




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Aquilfoliaceae 
Species: Ilex decidua Walt. 
Common Name: Possumhaw, deciduous holly 
Habitat:  A large shrub widely 
 distributed throughout 
 Louisiana; found in swamps 
 and floodplains, and moist 
 upland soils. 
  
Plant Parts Digested: Leaf 
Plant Source: Baton Rouge, Louisiana 
Plant Collected: Louisiana State University 
 campus  
Phytolith Description: 
 Shape: Blocky 
 Sculpturing: Granular 
 Dimensions: 
                 Length:       25 (27) 32 μm 
                   Width:       17 (22) 26 μm 
 N=10 
  
References: Brown, C.A., 1965. Louisiana Trees and Shrubs. Louisiana  
 Forestry Commission Bulletin No. 1, Claiton’s Publishing  
 Division, Baton Rouge, LA, 262 p. 
  
 Samuelson, L.J. and Hogan, M.E., 2003, Forest Trees: A guide to the 
 Southeastern and Mid-Atlantic Regions of the United States, Prentice Hall, 





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Asteraceae 
Species: Acmella oppositifolia (Lam.) R. 
 K. Jansen var. repens (Walt.) 
 R. K. Jansen 
Common Name: Opposite-leaf spotflower 
Habitat: An herb found in open areas of 
 swamps and wetlands. 
 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of Natural  
  History 
Plant Collected: Lafayette Parish in wet ditch, 
 scattered 
Phytolith Description: 
 Shape: Epidermal Puzzle 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       15 (29) 58 μm 
                     Width:      7 (11) 20 μm 
 N=6 
 
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Asteraceae 
Species: Ambrosia artemisiifolia L. 
Common Name: Annual ragweed 
Habitat: Common in areas with frequent 
and extensive disturbance such as 
agricultural fields, urban areas, 
roadsides, and waterways. 
  
Plant Parts Digested: Leaf 
Plant Source: Catahoula Lake 
Plant Collected: Catahoula National Wildlife 
Refuge, Rhinehart, Louisiana 
 
Phytolith Description: 
 Shape: Haircell 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       105 (112) 125 μm 
                     Width:      6 (11) 14 μm 
 N=5 
 
References: Venning, F.D, 1984. A Guide to the Field Identification of  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Asteraceae 
Species: Bidens cernua L. 
Common Name: Nodding beggar-ticks 
Habitat:  Prevalent in nontidal marshes, 
 wet meadows, floodplain 
 forests, pastures, disturbed 
 environments, and fields. 
  
Plant Parts Digested: Leaf 
Plant Source: Catahoula Lake 
Plant Collected: Catahoula National Wildlife 
  Refuge, Rhinehart, Louisiana 
Phytolith Description:  Non-producer 
 
References: Tiner, R.W., 1993. Field Guide to Coastal Wetland Plants.  




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Asteraceae 
Species: Eclipta prostrata
 (L.) L. 
Common Name: False daisy 
Habitat: Grows in moist 
 environments. 
  
Plant Parts Digested: Leaf 
Plant Source: Catahoula Lake 
Plant Collected: Catahoula National  Wildlife Refuge, Rhinehart, Louisiana 
Phytolith Description:  Non-producer 
  
References: Venning, F.D, 1984.  A Guide to the Field Identification of  
 Wildflowers of North America.  Golden Pass, N.Y., 340 p. 
 257 
Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Asteraceae 
Species: Iva frutescens L. 
Common Name: Marsh-elder, Jesuit’s bark 
Habitat: A small shrub common in 
 coastal marshes and  wetlands. 
 
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University  
  Herbarium 
Plant Collected: Grand Isle, Louisiana  
Phytolith Description:   
 Shape: Trichome  
 Sculpturing: Psilate 
 Dimensions: 
                 Length:  80 (100) 125 μm 
                   Width:  15 (18) 24 μm 
 N=6 
 
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Asteraceae 
Species: Pluchea camphorata L. 
Common Name: Camphorweed, stinkweed 
Habitat: A medium sized tree found in salt marshes and growing beside  
  streams, sloughs, wet meadows, wet prairies, swamps and  
  pastures. 
 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of Natural History 
Plant Collected: Oglethorpe Co., Georgia, wet depressions along Milestone  
  Creek 
Phytolith Description: 
 Shape: Epidermal Puzzle 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       33 (42) 62 μm 
                   Width:       15 (21) 26 μm 
 N=6 
 
References: Brown, C.A., 1965.  Louisiana Trees and Shrubs.  Louisiana  
 Forestry Commission Bulletin No. 1, Claiton’s Publishing  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Asteraceae 
Species: Xanthium strumarium L. 
Common Name: Cocklebur 
Habitat: An herb that occurs in open, disturbed areas, particularly flood-prone 
areas with wet soil and plenty of sunlight by roadsides, railway 
banks, small streams, riverbanks, and the edges of ponds  and 
freshwater marshes. 
Plant Parts Digested: Leaf 
Plant Source: Catahoula Lake 
Plant Collected: Catahoula National Wildlife Refuge,  
 Rhinehart, Louisiana 
 
Phytolith Description: 
     Shape: Trichome 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       12 (18) 22 μm 
                  Width:        9 (14) 20 μm 
     Shape: Polygonal 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       37 (51) 61 μm 
                   Width:       33 (39) 46 μm 
 N=5 for both phytolith types measured 
 
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian Guide to Seaside Plants 
 of the Gulf and Atlantic Coasts from Louisiana to Massachusetts, Exclusive of Lower 





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Boraginaceae 
Species: Heliotropium indicum L 
Common Name:  Indian heliotrope, tunasole 
Habitat:  An herb found in moist rich soils, ditches, low moist alluvial woods, 
muddy banks, gravel bars, and areas of frequent flooding where it 
will commonly invade bare soil once water recedes. 
Plant Parts Digested:  Leaf 
Plant Source: Louisiana State 
 University 
 Herbarium  
Plant Collected:  Franklin Parish, 
  Louisiana,  
  vicinity of Bog 
  Roaring Bayou, 
  drying clay in 
  roadside ditch. 
Phytolith Description: 
 Shape: Trichrome 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       53 (75) 100 μm 
                   Width:       8 (22) 39 μm 
 N=7 
 
References: Duncan, W.H. and L.E. Foote, 1975. Wildflowers of the  
 Southeastern United States.  The University of Georgia Press,  




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Caprifoliaceae 
Species: Sambucus nigra spp. canadensis L. 
Common Name: American elder, elderberry 
Habitat: A large shrub widely distributed in 
variety of wet sites such as streams, 
ponds, and swamps. 
   
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University   
  Herbarium 
Plant Collected: Camp Beauregard, Rapides Parish,  Louisiana  
Phytolith Description:  Non-producer 
  
References: Brown, C.A., 1965. Louisiana Trees and Shrubs.  Louisiana  
 Forestry Commission Bulletin No. 1, Claiton’s Publishing  
 Division, Baton Rouge, LA, 262 p. 
  
 Samuelson, L.J. and Hogan, M.E., 2003, Forest Trees: A guide to the 
 Southeastern and Mid-Atlantic Regions of the United States, Prentice Hall, 




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Caprifoliaceae 
Species: Viburnum acerifolium L. 
Common Name: Mapleleaf viburnum 
Habitat: Deciduous shrub commonly found in shrub swamps, forested 
wetlands, and dry woods with sandy soils. 
 
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Magnolia Recreation Area, Rapides Parish, Louisiana  
Phytolith Description:  Non-producer 
  
References: Brown, C.A., 1965.  Louisiana Trees and Shrubs.  Louisiana  
 Forestry Commission Bulletin No. 1, Claiton’s Publishing  
 Division, Baton Rouge, LA, 262 p. 
 
  Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.  




Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Chenopodiaceae 
Species: Chenopodium album L. 
Common Name: Pigweed or lamb’s-quarters 
Habitat: Herb comon in floodplains,  
 waste places, cultivated 
 fields, and ditches. 
  
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University 
 Herbarium 
Plant Collected: Port of Baton Rouge, West  
  Baton Rouge Parish,  
  Louisiana  
Phytolith Description:   
 Shape: Trichome 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        90 (105) 120 μm 
  Width: 7 (9) 10.5 μm 
 N= 2 
 
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Clusiaceae 
Species: Hypericum mutilum L. 
Common Name: St. Johnswort 
Habitat: An herb that grows in low, wet habitats. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Greensburg, Louisiana 
Phytolith Description:  Non-producer 
  
 References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  
 Florida.  Smithsonian Institutional Press, Washington D.C., 140 p. 
    




Catahoula Lake, Louisiana 
 
Class:                         Magnoliopsida (Dicotyledons) 
Family: Convolvulaceae 
Species: Ipomoea lacunosa L. 
Common Name: Whitestar, morning glory 
Habitat: A vine that grows in moist soils along  
 streams, meadows, roadsides, waste areas,  
 bays, fresh and brackish marshes, and  
 inter-dune areas.  Sometimes in dry settings. 
Plant Parts Digested:  Leaf 
Plant Source: Florida Museum of Natural History 
Plant Collected: St. Helena Parish, Louisiana, vine in open  
 areas. 
Phytolith Description:  Non-producer 
 
References: Duncan, W.H. and L.E. Foote, 1975. Wildflowers of the Southeastern United  
  States. The University of Georgia Press, Athens, GA, 262 p.  







Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Ebenaceae 
Species: Diospyros virginiana L. 
Common Name: Common persimmon 
Habitat: Found in moist forest types but is 
  mainly located along roadsides, 
  pastures, and in abandoned field.  
  Also on deep, rich bottomlands 
  and higher well-drained sandy 
  soils. Associated with other trees. 
Plant Parts Digested:   Leaf 
Plant Source: Florida Museum of Natural  
  History 
Plant Collected: Columbia County, Florida, edge  of sandhill 
Phytolith Description: 
 Shape: Polygonal 
 Sculpturing: Granulate 
 Dimensions: 
                 Length:        31 (36) 43 μm 
                   Width:        35 (48) 53 μm 
 N=5 
  
References: Harrar, E.S. and J.G. Harrar, 1962. Guide to Southern Trees.   





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Euphorbiaceae 
Species: Acalypha rhomboidea Raf. 
Common Name: Three-seeded Mercury 
Habitat: Located in moist, disturbed  
  habitats such as fields,  
  roadsides, railroads, gravel  
  bars, waste grounds, and open 
  woods. 
 
Plant Parts Digested:  Leaf and stem 
Plant Source: Louisiana State University  
  Herbarium 
Plant Collected: East Baton Rouge Parish, Louisiana 
Phytolith Description: 
 Shape: Epidermal irregular 
 Sculpturing: Psilate 
 Dimensions: 
                   Length:      9 (14) 18 μm 
                   Width:       5 (9) 11 μm 
 N=5 
 
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Euphorbiaceae 
Species: Euphorbia dentata (L.) Small 
Common Name: Spotted spurge 
Habitat: Commonly found in cultivated fields, roadsides, disturbed sites, open 
woods, and pastures. 
  
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Tullos, Louisiana  
Phytolith Description:  Non-producer 
  
References: Eastman, J., 2003. The book of field and roadside open-country weeds, 
 trees, and wildflowers of Eastern North America. Stackpole Books, 
 Mechanicsburg, PA, 336 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Euphorbiaceae  
Species: Phyllanthus caroliniensis Walt. 
Common Name: Carolina leaf flower 
Habitat: Annual herb found in a variety of moist and sandy soils, low woods, 
meadows, fields, and gravel banks. 
 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of Natural History 
Plant Collected: St. Landry Parish, Louisiana, mixed forest along Hwy 190 
 
Phytolith Description: 
     Shape: Elongate  
 Sculpturing: Granular, Psilate 
 Dimensions: 
                 Length:       33 (51) 81 μm 
                   Width:       7 (9) 12 μm 
     Shape: Stomatal 
 Sculpturing: Granular, Psilate 
 Dimensions: 
                 Length:       15 (18) 22 μm 
                   Width:      8 (10) 13 μm 
 N=5 for both phytolith types measured 
 
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian Guide to Seaside Plants of 
the Gulf and Atlantic Coasts from Louisiana to Massachusetts, Exclusive of Lower 





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Fabaceae 
Species: Aeschynomene virginica (L.) B. S. P. 
Common Name: Joint vetch, sensitive vetch 
Habitat: Annual herb whose habitat is in freshwater and brackish tidal  
  marshes where it grows along the marsh edges which are at the  
  upper limit of tidal fluctuations and along sandy or muddy tidal  
  shores. A. virginica is a vegetative indicator of wetlands. 
Plant Parts Digested:   Leaf and stem 
Plant Source: Louisiana State University Herbarium 
Plant Collected: East Baton Rouge Parish, Louisiana 
Phytolith Description:  Non-producer 
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





















Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Fabaceae 
Species: Gleditsia aquatica Marsh 
Common Name: Waterlocust 
Habitat: Tree confined to moist areas, particularly those subject to  
  common or prolonged flooding (Harrar and Harrar, 1962). Tidal  
  fresh  swamps, nontidal river swamps, and floodplains that are  
  often flooded (Tiner, 1993). 
Plant Parts Digested:   Leaf and stem 
Plant Source: Louisiana State 
  University Herbarium 




 Shape: Polygonal 
 Sculpturing: Granulate 
 Dimensions: 
                 Length:        6 (7) 8 μm 
                   Width:       12 (13) 15 μm 
 N=6 
 
References: Harrar, E.S. and J.G. Harrar, 1962.  Guide to Southern Trees.   
 Dover Publications, Inc., New York, N.Y., 709 p. 
  
 Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Fabaceae 
Species: Phaseolus polystachios (L.) Britton, Sterns & Poggenb. 
Common Name: Thicket bean 
Habitat: Annual plant 
domesticated for 
beans. Can tolerate 




soils, sandy loam, or 
clay loam soils. 
 
Plant Parts Digested: Leaf 
Plant Source: Catahoula Lake 
Plant Collected: Catahoula National Wildlife Refuge, Rhinehart, Louisiana 
Phytolith Description: 
 Shape: Trichome 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       52 (65) 72 μm 
                   Width:       12 (14) 16.5 μm 
 N=7 
 
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   




Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Fabaceae 
Species: Sesbania herbacea (P. Mill.) McVaughn Junior synonym: Sesbania  
macrocarpa Muhl. ex Raf. 
Common Name: Hemp Sesbania, coffeeweed 
Habitat: Annual herb that often grows along lakes, ponds, rivers, ditches, 
fields, and disturbed sites. They are vegetative indicators of 
wetlands. 
 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of   
  Natural History 
Plant Collected: Washington County, Alabama 
on the sandy bottoms of 
Tombigbee River 
Phytolith Description: 
 Shape: Epidermal 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       11 (15) 22 μm 
                   Width:       8 (11) 13 μm 
 N=5 
 
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Fabaceae 
Species: Strophostyles umbellata 
  (Muhl.) Britt. 
Common Name: Pink fuzzybean 
Habitat: Low or upland forests, 
  along streams and slopes. 
  
Plant Parts Digested: Leaf 
Plant Source: Louisiana State  
  University Herbarium 
Plant Collected: Kisachie National Forest, Louisiana  
Phytolith Description: 
 Shape: Trichome 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       55 (75) 90 μm 
                   Width:       8 (11) 14 μm 
 N=5 
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Fagaceae 
Species: Castanea dentata 
 (Marsh.) Borkh.  
Common Name: American chestnut 
Habitat: A hardwood tree found 
in dry slopes, and rocky 
soils.  
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Natchitoches, Louisiana 
Phytolith Description: 
 Shape: Sphere 
 Sculpturing: Scalloped 
 Dimensions: 
                 Length:       8 (11) 14 μm 
                   Width:       8 (11) 14 μm 
 N=5 
 
References: Brown, C.A., 1965.  Louisiana Trees and Shrubs.  Louisiana  
 Forestry Commission Bulletin No. 1, Claitor’s Publishing  







Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Fagaceae 
Species: Quercus lyrata Walt.  
Common Name: Overcup oak 
Habitat: A hardwood tree found in the wet, poorly drained areas of the  
  bottomland forests. 
 
Plant Parts Digested: Leaf and stem 
Plant Source: Louisiana State University  Herbarium 
Plant Collected: Natchitoches, Louisiana 
Phytolith Description: 
 Shape: Polygonal 
 Sculpturing: Granulate 
 Dimensions: 
                 Length:       4 (8) 14 μm 
                   Width:       9 (14) 24 μm 
 N=10 
 
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Liliopsida (Monocotyledons) 
Family: Hamamelidaceae 
Species: Liquidambar styraciflua L. 
Common Name: Sweetgum, redgum 
Habitat: A large tree native widely distributed throughout Louisiana. 
 Found on dry sandy  soils to flooded bottomlands. 
  
Plant Parts Digested: Leaf and seed 
Plant Source: LSU Lakes 
Plant Collected: Baton Rouge, Louisiana 
Phytolith Description:   
 Shape: Stomata 
 Sculpturing: Psilate to Granular 
 Dimensions: 
                 Length:       54 (65) 70 μm 
                   Width:       43 (55) 75 μm 
Shape: Anticlinal plate (‘Jigsaw puzzle’) 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       40 (63) 80 μm 
                   Width:       43 (55) 75 μm 
 N=5 for both phytoliths types described 
 
References: Brown, C.A., 1965.  Louisiana Trees and Shrubs.  Louisiana  
 Forestry Commission Bulletin No. 1, Claitor’s Publishing  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Juglandaceae 
Species: Carya aquatica (Michx.) Nutt. 
Common Name: Water hickory, bitter pecan 
Habitat: A large tree native to bottomlands,  swamps, and wet, river bottoms 
where the ground is often flooded for part of the year. Commonly 
occurs with Q. lyrata. 
 
Plant Parts Digested:  Leaf and stem 
Plant Source: Louisiana State 
 University Herbarium 
Plant Collected: West Atchafalaya   
  Floodway Levee,   
  Louisiana 
Phytolith Description: 
 Shape: Elongate 
 Sculpturing: Granulate 
 Dimensions: 
                 Length:       24 (33) 40 μm 
                   Width:       6 (10) 3 μm 
 N=5 
 
References: Brown, C.A., 1965.  Louisiana Trees and Shrubs.  Louisiana  
 Forestry Commission Bulletin No. 1, Claitor’s Publishing  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Lentibulariaceae 
Species: Utricularia macrorhiza Leconte 
Common Name: Common bladderwort 
Habitat: Submergent aquatic plant found in still waters of ponds, lakes, or 
ditches or loosely attached to the sediment. 
 
Plant Parts Digested: Leaf 
Plant Source:                Louisiana State University Herbarium 
Plant Collected: Lecombe, Louisiana 
Phytolith Description:  Non-producer 
 
References:  Tiner, R.W., 1993. Field Guide to Coastal Wetland Plants.  




Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Liliaceae 
Species: Allium canadense 
Common Name: Meadow garlic 
Habitat: Found in moist to mesic conditions, meadows near rivers and 
thcikets, borders of lakes, lowland and upland forests, disturbed 
areas near roadsides and pastures. 
 
Plant Parts Digested: Leaf 
Plant Source:               Louisiana State University Herbarium 
Plant Collected:  Camp Beauregard, Rapides Parish, Louisiana 
Phytolith Description:  Non-producer 
 
References:  Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   




Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Lythraceae 
Species: Ammannia coccinea Rottb. 
Common Name: Valley redstem, purple ammania 
Habitat: Low to medium height erect annual herb that  
 grows in tidal fresh and brackish marshes as  
 well as non-tidal marshes, ditches, and in  
 open areas of forested wetlands. 
 
Plant Parts Digested: Leaf 
Plant Source:               Florida Museum of Natural History 
Plant Collected: Polk County, Florida, small pond on the side  
 of Utes Rd. 
Phytolith Description:  Non-producer 
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Malvaceae 
Species: Hibiscus   
  moscheutos L. 
Common Name: Rose or marsh  
  mallow 
Habitat: Tall perennial  
  herb that is commonly 
  found in nontidal  
  marshes; less  
  common in flooded  
  salt, brackish, and tidal marshes. 
 
Plant Parts Digested: Leaf 
Plant Source: Catahoula Lake 
Plant Collected: Catahoula Lake Wildlife Refuge, Louisiana, along the roadside. 
Phytolith Description: 
     Shape: Trichome, ‘haircell’ 
 Sculpturing: Psilate to granular 
 Dimensions: 
                 Length:       54 (72) 90 μm 
                   Width:      4 (6) 11 μm 
                                             N=5  
 
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants. University of 





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Malvaceae 
Species: Urena lobata L. 
Common Name: Caesarweed 
Habitat: An invasive shrub that grows in disturbed areas. 
 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of 
 Natural History 
Plant Collected: Indian River County, 
  Florida 
Phytolith Description: 
 Shape: Trichome (hair) 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:        36 (58) 92 μm 
                  Width:        1 (2) 5 μm 
 N=7 
 
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  






Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Marsiliaceae 
Species: Marsilea vestita  
  Hook. & Grev. 
Common Name: Hairy waterclover 
 
Habitat: Found in ponds, 
 lakes, or stagnent 
 water. 
 
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State  
  University Herbarium 
Plant Collected: LSU Campus, Baton Rouge, Louisiana 
Phytolith Description: Non-producer 
 
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   
 University of Massachusetts Press, Amherst, MA, 328 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Mimosaceae 
Species: Mimosa strigillosa Torr. & Gray 
Common Name: Powderpuff 
Habitat:  An invasive herb native 
 to Florida that usually 
 grows in open, disturbed 
 sites. 
 
Plant Parts Digested:  Leaf and stem 
Plant Source: Florida Museum of 
 Natural History 
Plant Collected: Grady County, Georgia, 
 pothole depression by 
 pineland 
Phytolith Description: 
 Shape: Stomata 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       8 (11) 13 μm 
                   Width:      4 (6) 8 μm 
                                        N=5 
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Oleaceae 
Species: Forestiera acuminata (Michx.)  
 Poir.  
Common Name: Swamp-privet 
 Habitat:  A shrub found in low-lying moist 
 soils on lake and river margins, 
 swamps, and bottomland forests. 
 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of Natural  
  History 
Plant Collected: Union Parish, Louisiana, bank of  
  the Ouachita River at Ouachita  
  City landing 
Phytolith Description: 
     Shape: Elongate 
 Sculpturing: Psilate  
 Dimensions: 
                 Length:       44 (62) 76 μm 
                   Width:      4 (6) 11 μm 
     Shape: Puzzle 
 Sculpturing: Pilate 
 Dimensions: 
                 Length:       5 (10) 15 μm 
                   Width:       5 (13) 19 μm 
                                             N=5 for both phytolith types measured 
 
References: Harrar, E.S. and J.G. Harrar, 1962.  Guide to Southern Trees.   





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Onagraceae 
Species: Ludwigia palustris (L.) Elliot 
Common Name: Marsh seedbox 
 
Habitat: Grows in shallow water or mud 
of ponds, lakes, streams, 
ditches, swamps, and wet 
thickets.  
 
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State University 
 Herbarium 
Plant Collected: East Baton Rouge Parish, 
 Louisiana 
Phytolith Description:  Non-producer 
  
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   
 University of Massachusetts Press, Amherst, MA, 328 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Passisfloraceae 
Species: Passiflora incarnata L. 
Common Name: Passionflower 
Habitat: Found growing in moist, fertile places such as ditches, edges of 
fields. 
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: East Baton Rouge Parish, Louisiana 
Phytolith Description:  Non-producer 
  
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   
 University of Massachusetts Press, Amherst, MA, 328 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Polygonaceae 
Species:  Brunnichia ovata (Walt.) 
 Shinners. Junior synonym: 
 Brunnichia cirrhosa Gaertn.  
Common Name: Buckwheat Vine  
Habitat:  An herbaceous climbing vine 
 that grows in bottomland 
 forests and on the margins of 
 rivers, swamps, and wet 
 thickets. As well as tidal, fresh, 
 and nontidal marshes. 
 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of Natural  History 
Plant Collected: Baldwin County, Alabama 
Phytolith Description: 
 Shape: Polygonal (square) 
 Sculpturing: Granular 
 Dimensions: 
                 Length:       12 (24) 35 μm 
                   Width:      10 (15) 21 μm 
                                       N=7 
  
References: Tiner, R.W., 1993. Field Guide to Coastal Wetland Plants.   





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Pontederiaceae 
Species: Heteranthera limosa (Sw.) Willd. 
Common Name: Blue mudplantain 
Habitat: Aquatic plant commonly found in lakes, swamps, and   
  waterways. Grows well in water or moist ground. 
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Rayne, Louisiana 
Phytolith Description:  Non-producer 
  
References: Tiner, R.W., 1993. Field Guide to Coastal Wetland Plants.  
 University of Massachusetts Press, Amherst, MA, 328 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Rosaceae 
Species: Amelanchier arborea (Michaux f.) Fernald 
Common Name: Common serviceberry 
Habitat: Small tree that often grows in the understory of xeric-mesic upland 
woods. 
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Camp Beauregard, Rapides Parish, Louisiana 
Phytolith Description:  Non-producer 
 
References: Fralish, J.S. and Franklin, S.B., 2002. Taxonomy and Ecology of Woody 
 plants in North American Forests (Excluding Mexico and Subtropical 




Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Rubiaceae 
Species: Rubus trivialis L. 
Common Name: Blackberry 
 
Habitat:  Climbing shrub/vine 
 that prefers xeric-
 mesic and mesic soil 
 conditions. Found in 
 fields, roadsides, 
 and forest openings. 
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: New Roads, Louisiana 
Phytolith Description:  Non-producer 
 
References: Fralish, J.S. and Franklin, S.B., 2002. Taxonomy and Ecology of Woody 
 plants in North American Forests (Excluding Mexico and Subtropical 
 Florida). John Wiley & Sons, Inc., New York, New York. 612 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
 Family: Rubiaceae 
 Species: Diodia virginiana L. 
 Common Name: Virginia buttonweed 
 Habitat: Found in the moist soils of 
 pond and lake margins, 
 swamps, and wet meadows. 
 
 Plant Parts Digested: Leaf 
 Plant Source: Louisiana State University 
 Herbarium 
 Plant Collected: Catahoula National Wildlife Refuge,  
 Rhinehart, Louisiana 
 Phytolith Description: 
      Shape: Trachaery elements  
 Sculpturing: Wavy 
 Dimensions: 
                 Length:        70 (85) 110 μm 
                  Width:         5 (8) 13 μm 
 N=5 
  
References: Duncan W.H. and M.B. Duncan, 1987.  The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Saliceae 
Species: Salix nigra Marshall 
Common Name: Black willow 
Habitat: Medium- to large- sized tree concentrated near streams, terraces, and 
bottomlands. Also found scattered in open, moist sites. 
 
Plant Parts Digested:  Leaf and stem 
Plant Source: Louisiana State University  lakes 
Plant Collected: Baton Rouge, Louisiana off Dalyrample Drive 
Phytolith Description: 
 Shape: Stomata 
 Sculpturing: Psilate and granulate 
 Dimensions: 
                   Length:       34 (42) 53 μm 
                     Width:      25 (31) 35 μm 
                                        N=5 
 
References: Brown, C.A., 1965. Louisiana Trees and Shrubs. Louisiana  
 Forestry Commission Bulletin No. 1, Claitor’s Publishing  
 Division, Baton Rouge, LA, 262 p. 
  
 Fralish, J.S. and Franklin, S.B., 2002. Taxonomy and Ecology of Woody 
 plants in North American Forests (Excluding Mexico and Subtropical 






Catahoula Lake, Louisiana 
  
Class: Magnoliopsida (Dicotyledons) 
Family: Scrophulariaceae 
Species: Bacopa egensis (Poepp.) Pernell 
Common Name: Brazilian waterhyssop 
Habitat: Mat-forming herb found in muddy ponds (Venning, 1984), shallow 
water ponds and pools (Duncan and Foote, 1975). 
 
Plant Parts Digested:  Leaf and stem 
Plant Source: Louisiana State University  Herbarium 
Plant Collected: East of Mamou, Louisiana on highway La 104 
Phytolith Description: 
 Shape: Polyhedral 
 Sculpturing: Psilate 
 Dimensions: 
                   Length:       21 (25) 29 μm 
                     Width:      12 (21) 36 μm 
                                        N=5 
 
References: Duncan, W.H. and L.E. Foote, 1975. Wildflowers of the  
 Southeastern United States.  The University of Georgia Press,  
 Athens, GA, 262 p. 
 
 Venning, F.D, 1984.  A Guide to the Field Identification of  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Scrophulariaceae 
Species: Bacopa rotundifolia (Michx.) Wettst. 
Common Name: Disk waterhyssop 
Habitat: Mat-forming herb 
found in muddy 
ponds (Venning, 
1984), shallow 
water ponds and 
pools (Duncan and 
Foote, 1975). 
 
Plant Parts Digested:  Leaf and stem 
Plant Source: Louisiana State 
 University 
 Herbarium 
Plant Collected: East of Mamou, Louisiana on highway La 104 
Phytolith Description: 
 Shape: Elongate 
 Sculpturing: Granular 
 Dimensions: 
                   Length:       32 (56) 75 μm 
                     Width:      7 (12) 21 μm 
                                        N=5 
 
References: Duncan, W.H. and L.E. Foote, 1975. Wildflowers of the  
 Southeastern United States.  The University of Georgia Press,  
 Athens, GA, 262 p. 
 
 Venning, F.D, 1984.  A Guide to the Field Identification of  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Solanceae 
Species: Lindernia dubia (L.) Pennell var. anagallidea (Michx.) Cooperr. 
Common Name: Yellow-seed false pimpernel 
Species: Wet shores and moist soils along streams, ditches, ponds, and lakes. 
Also found in moist areas in fields and woods. 
 
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Clinton, Louisiana 
Phytolith Description:  Non-producer 
  
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   
 University of Massachusetts Press, Amherst, MA, 328 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Solanceae 
Species: Solanum L. sp. 
Common Name: Nightshade 
Habitat: Vine that grows in forested areas. 
  
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: East Baton Rouge, Louisiana 
Phytolith Description:  Non-producer 
  
References: Tiner, R.W., 1993.  Field Guide to Coastal Wetland Plants.   
 University of Massachusetts Press, Amherst, MA, 328 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Sphenocleaceae 
Species: Sphenoclea zeylandica 
 Gaertn. 
Common Name: Chickenspike 
Habitat:  Most commonly found in 
 damp, marshy, or 
 periodically inundated 
 depressions,  seasonal 
 swamps, sides of ponds, 
 ditches, and stagnant water. 
  
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Catahoula Lake, Louisiana 
Phytolith Description:  Non-producer 
  
References: Tiner, R.W., 1993. Field Guide to Coastal Wetland Plants.   
 University of Massachusetts Press, Amherst, MA, 328 p. 
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
   Family: Ulmaceae 
Species: Celtis tenuifolia Nutt. 
Common Name: Dwarf Hackberry 
Habitat: A small tree found in cool low 
slopes, along stream terraces and 
bottomlands. 
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University 
 Herbarium 
Plant Collected: St. Francisville, Louisiana 
Phytolith Description: 
 Shape: Epidermal polyhedral 
 Sculpturing: Psilate and granular 
 Dimensions: 
                 Length:        10 (12) 16 μm 
                     Width:      6 (8) 11 μm 
                                       N=8 
 
References: Brown, C.A., 1965. Louisiana Trees and Shrubs. Louisiana  
 Forestry Commission Bulletin No. 1, Claitor’s Publishing  
 Division, Baton Rouge, LA, 262 p. 
  
 Fralish, J.S. and Franklin, S.B., 2002. Taxonomy and Ecology of Woody 
 plants in North American Forests (Excluding Mexico and Subtropical 





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
   Family: Ulmaceae 
Species: Planera aquatica (Walt.) J. F. Gmel. 
Common Name: Planer tree, water elm 
Habitat:  A shrub or short 
 tree found in the 
 wet soil of swamps, 
 bottomland forests, 
 low woods, and on 
 sand and gravel 
 bars. 
Plant Parts Digested: Leaf 
Plant Source: Florida Museum of Natural History 
Plant Collected: Clinch County, Georgia, Banks of  
  Suwannea River. 
Phytolith Description: 
 Shape: Epidermal 
 Sculpturing: Psilate 
 Dimensions: 
                 Length:       15 (27) 35 μm 
                     Width:      9 (14) 24 μm 
                                       N=10 
 
References: Duncan W.H. and M.B. Duncan, 1987. The Smithsonian  
 Guide to Seaside Plants of the Gulf and Atlantic Coasts from  
 Louisiana to Massachusetts, Exclusive of Lower Peninsular  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Urticaceae 
Species: Boehmeria cylindrica (L.)  
  Swartz 
Common Name: False nettle, bog hemp 
Habitat: An erect, perennial herb of 
medium height that grows in 
tidal fresh and nontidal 
swamps and marshes, as well 
as low woods, bottomlands, 
and along streams. Prefers 
moist, shaded soils. 
 
Plant Parts Digested:   Leaf 
Plant Source: Florida Museum of Natural  
  History 
Plant Collected: Harris County, Georgia, edge of lake at FDR State Park 
Phytolith Description: 
 Shape: Trichome hairs 
 Sculpturing: Psilate, Tuberculate 
 Dimensions: 
                 Length:         110 (129) 237 μm 
                     Width:       8 (15) 29 μm 
                                         N=5 
 
References: Tiner, R.W., 1993. Field Guide to Coastal Wetland Plants.  





Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Verbenaceae 
Species: Lippia lanceolota (L.) Michx. 
Common Name: Lanceleaf fogfriut 
Habitat:  Found in moist to wet soils. 
Plant Parts Digested: Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: Laredo, Texas 
Phytolith Description:  Non-producer 
 
References: Duncan, W.H. and L.E. Foote, 1975. Wildflowers of the  
Southeastern United States.  The University of Georgia  
Press, Athens, GA, 262 p.
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Phytolith Atlas 
Catahoula Lake, Louisiana 
 
Class: Magnoliopsida (Dicotyledons) 
Family: Vitaceae 
Species: Ampelopsis arborea L. Koehne 
Common Name: Peppervine 
Habitat: Climbing woody vine to erect shrub in tidal  
 swamps, fresh marshes and moist soils found 
 in swamps and bottomland forests.  It also  
 occurs in woodland borders, waste places,  
 and along fence lines. 
Plant Parts Digested:   Leaf 
Plant Source: Louisiana State University Herbarium 
Plant Collected: East Baton Rouge Parish, Louisiana 
Phytolith Description:  Non-producer 
  
References: Tiner, R.W., 1993. Field Guide to Coastal Wetland Plants.  
 University of Massachusetts Press, Amherst, MA, 328 p.
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APPENDIX B. SUPPLEMENTAL DATA TABLES NOT IN TEXT (CHAPTER 3) 
 










































































0 6.20E-08 6.73 4.00 1.4 7.19E-08 6.53 3.35 2.8 6.19E-08 5.66 4.02 
0.05 6.80E-08   1.45 6.91E-08   2.85 8.20E-08   
0.1 7.95E-08 5.90 5.11 1.5 7.44E-08 6.55 2.91 2.9 9.64E-08 6.45 3.78 
0.15 8.75E-08   1.55 7.89E-08   2.95 8.14E-08   
0.2 8.88E-08 4.41 4.87 1.6 7.46E-08 7.31 3.15 3 1.07E-07 7.11 5.47 
0.25 8.73E-08   1.65 8.34E-08   3.05 9.23E-08   
0.3 7.68E-08 4.69 4.95 1.7 8.59E-08 7.38 2.99 3.1 9.88E-08 6.92 4.69 
0.35 6.75E-08   1.75 8.53E-08   3.15 1.14E-07   
0.4 7.45E-08 3.76 4.65 1.8 7.06E-08 6.62 3.24 3.2 8.72E-08 6.34 4.20 
0.45 6.70E-08   1.85 6.39E-08   3.25 9.21E-08   
0.5 5.86E-08 3.86 4.36 1.9 7.54E-08 6.14 2.95 3.3 1.09E-07 5.75 5.07 
0.55 7.03E-08   1.95 8.15E-08   3.35 6.99E-08   
0.6 7.71E-08 3.67 4.46 2 8.68E-08 6.34 2.92 3.4 7.60E-08 5.28 4.94 
0.65 5.82E-08   2.05 5.84E-08   3.45 7.53E-08   
0.7 6.46E-08 3.52 4.45 2.1 7.46E-08 5.84 3.38 3.5 7.71E-08 5.33 3.48 
0.75 7.27E-08   2.15 8.25E-08   3.55 6.83E-08   
0.8 7.81E-08 4.28 5.23 2.2 8.62E-08 5.36 3.25 3.6 7.36E-08 10.31 6.09 
0.85 6.81E-08   2.25 6.31E-08   3.65 6.24E-08   
0.9 6.04E-08 4.43 5.90 2.3 7.81E-08 5.18 3.41 3.7 6.29E-08 11.99 6.59 
0.95 5.65E-08   2.35 8.89E-08   3.75 5.88E-08   
1 8.67E-08 3.65 5.22 2.4 9.29E-08 8.93 4.23 3.8 6.31E-08 10.90 5.29 
1.05 7.55E-08   2.45 9.97E-08       
1.1 8.71E-08 4.88 6.93 2.5 9.50E-08 7.12 4.40     
1.15 7.94E-08   2.55 7.95E-08       
1.2 1.14E-07 6.27 2.62 2.6 9.27E-08 6.30 3.75     
1.25 1.06E-07   2.65 6.19E-08       
1.3 8.42E-08 5.93 2.72 2.7 8.75E-08 4.90 2.82     
1.35 7.64E-08     2.75 7.90E-08             
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0 6.20E-08 6.73 4.00 1.4 7.19E-08 6.53 3.35 2.8 6.19E-08 5.66 4.02 
0.05 6.80E-08   1.45 6.91E-08   2.85 8.20E-08   
0.1 7.95E-08 5.90 5.11 1.5 7.44E-08 6.55 2.91 2.9 9.64E-08 6.45 3.78 
0.15 8.75E-08   1.55 7.89E-08   2.95 8.14E-08   
0.2 8.88E-08 4.41 4.87 1.6 7.46E-08 7.31 3.15 3 1.07E-07 7.11 5.47 
0.25 8.73E-08   1.65 8.34E-08   3.05 9.23E-08   
0.3 7.68E-08 4.69 4.95 1.7 8.59E-08 7.38 2.99 3.1 9.88E-08 6.92 4.69 
0.35 6.75E-08   1.75 8.53E-08   3.15 1.14E-07   
0.4 7.45E-08 3.76 4.65 1.8 7.06E-08 6.62 3.24 3.2 8.72E-08 6.34 4.20 
0.45 6.70E-08   1.85 6.39E-08   3.25 9.21E-08   
0.5 5.86E-08 3.86 4.36 1.9 7.54E-08 6.14 2.95 3.3 1.09E-07 5.75 5.07 
0.55 7.03E-08   1.95 8.15E-08   3.35 6.99E-08   
0.6 7.71E-08 3.67 4.46 2 8.68E-08 6.34 2.92 3.4 7.60E-08 5.28 4.94 
0.65 5.82E-08   2.05 5.84E-08   3.45 7.53E-08   
0.7 6.46E-08 3.52 4.45 2.1 7.46E-08 5.84 3.38 3.5 7.71E-08 5.33 3.48 
0.75 7.27E-08   2.15 8.25E-08   3.55 6.83E-08   
0.8 7.81E-08 4.28 5.23 2.2 8.62E-08 5.36 3.25 3.6 7.36E-08 10.31 6.09 
0.85 6.81E-08   2.25 6.31E-08   3.65 6.24E-08   
0.9 6.04E-08 4.43 5.90 2.3 7.81E-08 5.18 3.41 3.7 6.29E-08 11.99 6.59 
0.95 5.65E-08   2.35 8.89E-08   3.75 5.88E-08   
1 8.67E-08 3.65 5.22 2.4 9.29E-08 8.93 4.23 3.8 6.31E-08 10.90 5.29 
1.05 7.55E-08   2.45 9.97E-08       
1.1 8.71E-08 4.88 6.93 2.5 9.50E-08 7.12 4.40     
1.15 7.94E-08   2.55 7.95E-08       
1.2 1.14E-07 6.27 2.62 2.6 9.27E-08 6.30 3.75     
1.25 1.06E-07   2.65 6.19E-08       
1.3 8.42E-08 5.93 2.72 2.7 8.75E-08 4.90 2.82     
1.35 7.64E-08     2.75 7.90E-08             
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0 6.90E-08 7.80 3.65 1.4 6.70E-08 7.90 6.13 2.8 8.78E-08 6.91 3.78 
0.05 6.24E-08   1.45 7.38E-08   2.85 8.54E-08   
0.1 5.57E-08 8.33 3.73 1.5 8.74E-08 7.78 4.40 2.9 7.91E-08 7.70 4.39 
0.15 6.69E-08   1.55 1.15E-07   2.95 7.08E-08   
0.2 5.21E-08 7.82 3.58 1.6 1.07E-07 7.43 4.41 3 8.00E-08 8.43 4.90 
0.25 6.00E-08   1.65 9.06E-08   3.05 7.66E-08   
0.3 5.18E-08 8.22 3.92 1.7 9.22E-08 7.73 5.20 3.1 7.54E-08 7.08 4.38 
0.35 5.48E-08   1.75 6.86E-08   3.15 6.01E-08   
0.4 6.79E-08 8.75 4.13 1.8 9.04E-08 7.93 4.97 3.2 4.43E-08 6.03 3.55 
0.45 6.05E-08   1.85 7.60E-08       
0.5 7.55E-08 8.77 4.16 1.9 8.41E-08 7.40 5.33     
0.55 6.52E-08   1.95 7.23E-08       
0.6 7.74E-08 8.41 4.29 2 6.34E-08 6.62 5.11     
0.65 8.31E-08   2.05 7.72E-08       
0.7 7.20E-08 8.36 4.38 2.1 6.66E-08 5.60 3.57     
0.75 6.66E-08   2.15 6.47E-08       
0.8 7.76E-08 8.42 4.52 2.2 5.69E-08 6.12 3.64     
0.85 7.69E-08   2.25 6.38E-08       
0.9 8.41E-08 8.29 5.18 2.3 5.38E-08 5.30 3.72     
0.95 7.99E-08   2.35 7.21E-08       
1 9.51E-08 7.81 5.10 2.4 8.60E-08 7.56 3.84     
1.05 6.72E-08   2.45 6.37E-08       
1.1 7.66E-08 7.82 4.80 2.5 6.23E-08 5.27 2.40     
1.15 7.52E-08   2.55 4.99E-08       
1.2 7.25E-08 7.53 5.24 2.6 5.26E-08 5.36 2.85     
1.25 7.17E-08   2.65 8.63E-08       
1.3 6.55E-08 7.38 3.72 2.7 7.41E-08 7.13 4.18     
1.35 8.13E-08     2.75 7.56E-08             
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0.0 613 8.5 2.0 3.9 0.2 5.1 5.5 2.1 4.7 1.8 10.1 3.1 0.3 1.3 2.4 3.3 0.2 7.2 0.0 0.5 
0.2 596 7.4 3.0 5.7 0.0 7.2 4.7 3.7 5.4 2.2 8.2 3.5 0.3 1.5 2.2 1.8 1.5 7.2 0.0 0.2 
0.4 546 4.0 1.5 1.6 0.0 11.2 7.5 7.5 5.5 3.8 3.7 8.2 0.2 1.8 2.0 0.0 2.0 8.1 0.0 0.2 
0.6 410 3.2 2.9 1.0 0.0 9.8 7.8 4.9 4.9 1.7 4.6 3.7 0.0 3.7 2.0 0.2 0.7 6.1 0.2 2.0 
0.8 595 5.2 0.7 1.5 0.2 6.9 5.5 3.7 5.4 2.0 9.2 3.2 0.0 2.2 2.9 0.0 2.4 9.7 0.0 0.3 
1.0 648 6.8 1.1 2.0 0.0 6.2 5.9 5.9 5.1 2.9 6.8 3.7 0.0 1.4 2.8 0.3 2.8 6.6 0.0 1.1 
1.2 631 5.1 1.4 3.2 0.0 6.0 4.3 4.9 3.5 1.6 5.9 3.0 0.0 1.4 3.6 0.2 2.9 10.3 0.2 0.5 
1.4 787 8.6 0.9 2.7 0.1 8.0 5.8 5.8 2.9 1.8 12.8 2.7 0.1 1.4 1.3 0.5 0.5 9.8 0.0 0.5 
1.6 731 5.5 2.1 4.9 0.0 7.0 6.3 3.3 5.3 1.0 9.0 5.6 0.7 1.4 2.2 0.8 3.6 9.0 0.0 0.4 
1.8 691 6.5 1.6 3.8 0.0 8.0 9.3 3.5 4.5 1.3 10.6 4.5 0.1 1.2 2.3 0.4 2.7 9.4 0.0 0.4 
2.0 633 6.5 4.3 3.8 0.0 12.5 9.8 5.8 5.7 1.3 3.5 2.8 0.0 1.4 2.1 0.0 3.3 6.8 0.0 0.2 
2.2 675 6.4 3.4 2.8 0.3 10.4 10.5 5.5 5.5 1.6 3.0 5.3 0.0 2.4 3.3 0.0 0.9 8.6 0.0 0.4 
2.4 628 6.5 1.9 5.4 0.0 11.1 9.1 4.0 4.1 2.1 9.6 5.4 0.0 2.9 2.2 0.8 0.5 5.7 0.3 0.2 
2.6 752 5.5 2.1 2.9 0.0 6.0 7.7 3.7 2.8 2.3 20.1 5.9 0.3 1.9 2.0 0.3 0.1 5.9 0.1 0.7 
2.8 673 8.8 2.8 5.8 0.1 8.8 11.7 7.0 3.7 1.6 6.2 3.9 0.6 0.6 2.5 0.0 1.2 5.1 0.0 0.3 
3.0 520 6.3 1.7 5.0 0.0 10.0 10.8 7.1 4.6 2.7 4.6 3.7 0.0 2.3 2.9 0.0 0.2 5.2 0.0 0.4 
3.2 631 6.2 1.9 2.7 0.0 11.4 9.4 5.7 5.1 3.0 6.3 2.2 0.0 2.1 2.1 0.0 1.3 6.0 0.0 0.2 
3.3 635 6.8 2.0 2.7 0.0 6.6 7.9 6.8 3.5 1.4 12.0 4.6 0.0 2.7 2.0 0.0 0.9 6.1 0.2 0.8 
3.6 761 5.8 1.6 2.4 0.1 7.4 8.4 6.2 2.8 1.7 14.3 4.5 0.0 2.4 2.1 0.0 0.9 5.9 0.1 0.8 
3.7 668 5.7 1.9 2.2 0.1 7.8 7.5 4.3 3.9 3.1 10.8 5.2 0.1 1.8 2.4 0.0 1.0 6.0 0.0 1.2 
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0.0 1.1 20.2 8.8 3.9 0.3 0.5 2.9 0.0 
0.2 0.5 18.6 6.2 2.7 1.0 0.3 4.9 0.0 
0.4 0.2 14.3 8.2 3.3 0.9 0.2 3.8 0.2 
0.6 0.5 25.4 7.6 1.2 1.0 0.7 3.4 1.0 
0.8 0.3 21.3 7.6 3.5 0.7 1.5 4.0 0.0 
1.0 0.6 19.4 9.7 4.0 0.2 1.4 3.4 0.0 
1.2 0.8 21.9 9.7 4.9 1.3 0.0 3.6 0.0 
1.4 0.3 18.3 8.8 2.7 0.0 0.1 2.3 1.3 
1.6 0.3 17.8 6.4 2.5 0.4 0.3 2.7 1.6 
1.8 0.9 14.8 7.8 1.9 0.3 0.3 2.0 2.0 
2.0 0.8 15.2 8.7 2.4 0.0 0.5 1.6 1.3 
2.2 0.1 13.3 7.7 2.5 0.0 0.3 2.4 3.4 
2.4 0.5 13.7 5.9 1.8 0.2 0.3 2.5 3.3 
2.6 0.7 14.8 6.1 2.5 0.4 0.0 3.1 2.4 
2.8 0.7 12.9 8.3 3.1 0.7 0.0 1.5 1.9 
3.0 0.4 14.8 10.0 1.9 0.2 0.0 1.5 3.7 
3.2 0.5 14.4 10.6 2.1 0.3 0.0 2.4 4.3 
3.3 0.6 15.3 8.0 2.7 0.2 0.2 3.1 3.0 
3.6 0.9 16.0 6.3 2.1 0.3 0.1 3.9 3.0 
3.7 0.5 16.5 8.5 2.5 0.6 0.1 4.5 1.5 
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0.0 668 9.0 1.3 4.0 0.0 7.5 3.4 9.7 4.8 1.9 6.1 2.5 0.4 1.5 1.2 1.5 0.7 7.6 0.0 0.6 
0.2 697 5.6 2.6 3.2 0.4 6.0 2.6 6.5 3.9 1.7 12.6 4.4 0.1 0.7 1.6 1.7 1.4 7.9 0.0 0.7 
0.4 609 3.9 4.6 2.0 0.0 3.4 3.0 5.4 2.3 1.8 5.7 3.1 0.0 3.8 2.6 0.2 4.3 13.5 0.2 0.7 
0.6 634 3.6 3.0 2.1 0.2 11.0 3.6 9.6 5.0 4.1 6.9 4.3 0.3 2.2 2.1 0.3 0.9 4.3 0.2 1.1 
0.8 601 4.3 1.5 1.8 0.0 7.0 2.8 5.5 3.3 2.3 8.5 2.5 0.3 5.3 2.7 0.2 4.8 11.8 0.0 0.5 
1.0 580 5.3 1.7 2.2 0.0 10.3 2.9 6.4 4.3 2.6 8.3 3.1 0.0 2.1 1.4 0.0 4.3 9.7 0.0 0.7 
1.2 612 4.1 1.8 2.3 0.0 7.0 2.6 6.4 2.8 0.8 8.5 2.9 0.2 5.6 2.9 0.0 5.1 12.7 0.2 0.5 
1.4 590 5.4 4.4 4.2 0.0 9.8 3.1 9.2 2.9 1.9 12.2 4.9 0.0 1.0 1.4 3.4 0.5 5.6 0.0 0.7 
1.6 597 4.0 1.7 2.5 0.0 6.7 3.7 3.0 4.7 0.8 12.1 3.5 0.0 5.5 2.3 0.2 3.5 11.7 0.3 0.8 
1.8 507 5.1 3.4 2.0 0.0 11.0 3.7 4.9 7.5 2.8 5.5 5.9 0.8 2.4 1.2 0.2 4.7 8.1 0.4 0.2 
2.0 630 6.7 3.2 2.9 0.2 5.7 4.8 7.3 2.2 1.4 14.0 4.9 0.6 1.7 2.1 0.8 1.4 10.0 0.3 0.6 
2.1 677 5.3 3.1 3.4 0.0 6.4 3.7 5.6 4.9 1.8 16.0 6.6 0.1 3.1 1.0 1.2 0.4 8.9 0.3 0.9 
2.2 696 4.6 2.7 3.6 0.3 10.1 3.4 5.3 4.9 1.1 14.2 5.6 0.0 2.0 1.6 0.4 0.9 7.3 0.1 1.1 
2.4 618 5.2 1.8 2.4 0.2 7.1 2.8 6.0 5.3 1.1 9.7 4.7 0.2 4.5 3.6 0.8 2.4 7.4 0.2 0.5 
2.6 698 6.2 2.1 4.7 0.1 7.0 2.6 8.9 4.6 0.9 14.6 4.3 0.3 2.0 1.0 0.0 2.1 9.0 0.0 0.4 
2.8 715 7.6 3.8 4.1 0.1 7.8 4.6 5.7 2.0 0.8 15.5 4.1 0.1 1.8 2.1 0.7 1.0 8.3 0.4 0.7 
2.9 581 6.9 0.9 6.2 0.7 8.4 2.9 9.3 5.9 1.5 15.3 6.4 0.2 0.7 0.7 0.7 1.2 9.1 0.0 0.7 
3.0 676 6.7 2.2 4.9 0.3 7.5 2.7 6.4 4.1 1.6 16.1 4.3 0.4 2.1 0.9 0.0 0.7 10.2 0.6 1.0 
3.2 708 6.4 1.3 2.4 0.0 7.8 2.4 5.6 3.0 0.7 21.0 4.0 0.0 1.6 1.7 0.0 1.1 8.8 0.0 0.6 
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0.0 2.1 15.9 7.9 4.3 0.7 0.4 4.0 0.0 
0.2 1.1 17.8 7.7 5.7 0.1 0.7 2.9 0.0 
0.4 0.2 19.9 8.0 4.4 0.2 1.1 5.1 0.0 
0.6 0.2 17.5 8.5 3.6 0.8 1.4 2.7 0.0 
0.8 0.7 15.0 9.7 5.2 0.3 1.3 2.5 0.0 
1.0 1.0 16.2 10.0 3.6 0.5 0.3 2.9 0.0 
1.2 0.7 14.5 8.5 5.7 0.2 1.3 2.5 0.2 
1.4 1.4 14.4 7.6 2.5 0.5 0.2 2.9 0.0 
1.6 0.5 14.7 7.4 5.2 0.5 1.3 2.2 0.5 
1.8 0.8 11.4 10.1 2.2 0.4 1.0 3.7 0.6 
2.0 1.0 14.0 5.7 3.7 0.0 0.5 4.0 0.2 
2.1 1.0 11.5 7.7 1.8 0.3 0.3 3.0 1.8 
2.2 0.6 15.4 7.9 1.9 0.1 0.1 3.9 0.7 
2.4 1.0 12.3 7.3 9.9 0.0 1.3 2.3 0.0 
2.6 0.7 13.3 7.3 2.0 0.6 0.6 4.2 0.4 
2.8 0.8 13.0 9.0 2.5 0.0 0.3 2.9 0.0 
2.9 0.5 10.5 5.5 2.4 0.2 0.2 2.8 0.0 
3.0 0.1 11.8 9.2 1.9 0.3 0.4 3.1 0.0 
3.2 0.7 13.0 10.3 2.0 0.7 0.1 4.2 0.0 
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0 647 10.4 5.6 8.5 3.1 5.9 1.5 3.6 3.2 0.5 8.0 8.8 0.6 1.4 0.8 0.5 0.3 3.9 0.0 0.6 
0.2 610 4.4 0.7 5.7 0.2 8.7 1.6 8.2 4.3 1.1 14.8 7.7 1.3 0.8 1.8 1.0 0.3 8.0 0.2 0.0 
0.4 639 4.7 2.7 5.8 0.2 6.6 3.3 3.0 5.6 1.3 12.4 7.4 1.1 0.5 3.1 0.3 0.5 5.9 0.3 2.0 
0.6 592 4.1 3.9 3.9 0.3 7.1 2.5 6.9 6.1 2.0 2.9 7.6 4.2 0.8 2.5 1.2 0.8 9.6 0.0 0.2 
1 473 5.7 2.1 0.2 0.2 0.4 0.8 2.1 2.3 4.0 23.0 5.5 0.0 0.4 1.3 0.0 0.2 7.4 0.0 1.1 
1.2 598 8.5 3.8 7.4 0.3 5.7 3.2 3.0 10.9 1.0 4.5 8.0 0.2 1.3 1.5 0.2 0.2 10.7 0.0 1.8 
1.3 553 7.1 0.9 3.3 0.2 4.7 1.4 2.5 7.1 2.0 10.7 9.4 0.9 0.2 0.7 0.5 1.3 11.2 0.4 1.1 
1.4 704 7.2 1.8 1.6 0.1 5.8 6.8 7.5 2.7 2.4 20.2 2.8 0.6 1.0 0.9 1.0 0.0 4.1 0.1 1.4 
1.7 696 4.0 1.3 4.5 0.1 6.0 2.6 5.5 8.9 0.7 10.3 5.6 0.4 1.3 1.4 0.7 0.3 11.6 0.1 0.9 
2.2 626 4.5 1.8 2.6 0.2 5.4 1.9 5.8 6.2 0.2 16.6 7.3 0.2 1.0 1.3 0.3 0.5 5.0 0.2 1.4 
2.6 653 1.2 0.5 0.6 0.3 1.5 0.2 4.1 2.9 3.2 39.7 1.7 0.5 1.1 0.9 0.2 0.2 2.8 0.5 0.5 
2.8 495 7.9 0.6 0.2 0.0 1.4 1.4 1.8 2.6 0.6 20.6 6.3 0.0 1.6 1.8 0.0 2.2 6.7 0.2 0.6 
3.2 667 3.3 3.0 0.1 0.0 0.4 1.2 2.1 2.1 0.6 31.5 2.8 0.0 0.9 2.4 0.0 0.3 4.0 0.1 0.6 
3.4 605 7.9 0.6 0.2 0.0 1.4 1.4 1.8 2.6 0.6 20.6 6.3 0.0 1.6 1.8 0.0 2.2 6.7 0.2 0.6 
3.6 670 3.3 3.0 0.1 0.0 0.4 1.2 2.1 2.1 0.6 31.5 2.8 0.0 0.9 2.4 0.0 0.3 4.0 0.1 0.6 
3.85 669 3.5 2.3 2.0 0.0 2.1 0.8 1.0 3.3 1.0 15.9 5.0 0.2 1.5 1.5 0.0 1.7 7.8 0.0 0.5 
4 398 3.3 1.9 2.1 0.0 3.7 1.8 4.2 5.5 0.7 16.3 8.1 0.0 0.7 1.2 0.3 0.1 9.1 0.0 0.9 
4.4 271 5.2 1.6 4.2 0.0 5.7 1.9 3.6 5.8 1.6 12.7 6.0 0.7 0.9 1.0 1.5 0.7 11.8 0.1 0.4 
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0 0.2 17.6 6.6 4.3 0.2 0.9 3.1 0.0 
0.2 0.5 14.6 5.6 2.6 0.5 0.2 4.6 0.7 
0.4 0.3 13.9 8.3 1.7 0.5 0.6 6.7 1.4 
0.6 1.7 13.0 6.4 4.1 1.4 0.2 5.2 1.4 
1 1.7 23.9 11.6 2.3 0.2 0.0 3.4 0.0 
1.2 1.2 4.8 11.5 4.5 0.0 1.0 3.7 1.0 
1.3 0.7 16.1 8.0 5.2 0.0 0.4 4.0 0.2 
1.4 1.6 14.1 7.5 3.0 1.1 0.9 3.7 0.0 
1.7 6.2 9.5 9.2 2.3 0.4 0.1 4.3 1.6 
2.2 1.0 18.4 8.3 1.9 0.2 0.0 7.2 1.0 
2.6 1.4 18.2 11.8 1.5 0.0 0.3 4.4 0.0 
2.8 0.8 22.4 7.9 5.9 0.0 1.6 3.6 1.2 
3.2 0.7 23.2 12.1 2.4 0.7 0.3 4.8 0.0 
3.4 0.8 22.4 7.9 5.9 0.0 1.6 3.6 1.2 
3.6 0.7 23.2 12.1 2.4 0.7 0.3 4.8 0.0 
3.85 0.5 20.0 14.0 5.0 1.0 0.5 6.4 2.6 
4 1.0 17.3 6.6 6.3 0.3 0.7 6.3 1.5 
4.4 1.0 13.3 10.8 3.6 0.4 0.6 4.3 0.1 
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APPENDIX C. SUPPLEMENTAL DATA TABLES NOT IN TEXT (CHAPTER 4) 
 










































0 3.9 -24.6 9.1 0.31 0.45 0.24 2.4 4.1 -26.7 10.1 0.49 0.43 0.08 
0.1 3.5 -23.9 7.9 0.17 0.53 0.30 2.5 3.8 -27.3 11.0 0.61 0.36 0.03 
0.2 3.3 -21.6 6.7 -0.04 0.57 0.47 2.6 3.3 -26.1 12.0 0.67 0.24 0.10 
0.3 4.3 -23.0 6.3 -0.03 0.65 0.38 2.7 3.6 -25.1 10.5 0.47 0.34 0.19 
0.4 3.4 -21.9 8.7 0.18 0.40 0.42 2.8 3.9 -25.5 10.1 0.45 0.39 0.16 
0.5 3.4 -23.8 8.5 0.23 0.48 0.30 2.9 4.3 -25.4 9.7 0.41 0.42 0.18 
0.6 3.4 -24.8 8.9 0.30 0.47 0.22 3 4.6 -24.7 9.5 0.36 0.42 0.23 
0.7 3.7 -25.1 9.4 0.37 0.44 0.20 3.1 4.8 -23.9 8.9 0.27 0.45 0.29 
0.8 3.5 -25.5 9.0 0.34 0.49 0.17 3.2 4.6 -23.2 8.3 0.18 0.48 0.34 
0.9 3.8 -24.8 9.0 0.31 0.46 0.22 3.3 4.5 -23.9 8.7 0.25 0.47 0.29 
1 3.5 -24.9 9.4 0.35 0.43 0.21 3.4 4.3 -23.9 9.9 0.37 0.36 0.27 
1.1 3.6 -25.4 9.8 0.42 0.41 0.17 3.5 4.6 -22.9 9.0 0.24 0.41 0.35 
1.2 3.7 -26.8 9.9 0.47 0.45 0.08 3.6 4.5 -24.9 9.0 0.31 0.47 0.22 
1.3 3.4 -26.7 10.1 0.49 0.43 0.08 3.7 4.4 -24.4 8.4 0.24 0.50 0.26 
1.4 3.2 -26.8 10.6 0.54 0.39 0.07 3.8 4.7 -24.5 6.8 0.08 0.65 0.27 
1.5 2.9 -27.9 10.7 0.59 0.41 0.00        
1.6 3.6 -27.1 10.8 0.58 0.38 0.05        
1.7 3.3 -27.6 11.1 0.63 0.36 0.01        
1.8 4.0 -25.4 9.7 0.40 0.43 0.17        
1.9 4.2 -25.9 10.4 0.49 0.38 0.13        
2 4.1 -25.5 9.5 0.39 0.44 0.17        
2.1 4.1 -25.6 9.7 0.41 0.43 0.16        
2.2 4.1 -26.0 9.9 0.44 0.42 0.13        
2.3 4.1 -26.2 9.8 0.45 0.44 0.12               
 
Elemental and stable isotopic data measured from Core CLR1 sediments and calculated 
organic matter contribution from three-source mixing model, a= C3 SOM, b= lacustrine 
algae and c= C4 SOM. Data multiplied by 100 and discussed as ‘percent’ contribution in 
text. 
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0 0.6 -26.9 11.1 0.60 0.34 0.06 2.4 2.49 -22.7 7.7 0.11 0.51 0.38 
0.1 4.2 -24.9 10.4 0.46 0.34 0.20 2.5 6.42 -22.5 9.4 0.27 0.36 0.37 
0.2 3.7 -25.1 9.2 0.34 0.46 0.20 2.6 2.96 -23.6 7.2 0.08 0.59 0.33 
0.3 3.3 -24.8 8.9 0.30 0.48 0.22 2.7 3.25 -22.9 6.7 0.01 0.61 0.38 
0.4 3.1 -24.4 8.5 0.24 0.50 0.26 2.8 6.11 -21.8 6.0 -0.10 0.64 0.46 
0.5 3.2 -24.0 6.3 0.01 0.68 0.31 2.9 3.58 -20.9 5.4 -0.19 0.66 0.53 
0.6 3.4 -24.6 8.9 0.30 0.46 0.24 3 4.09 -19.0 6.4 -0.16 0.51 0.65 
0.7 7.3 -24.6 7.6 0.16 0.59 0.25 3.1 3.23 -17.9 6.4 -0.19 0.48 0.72 
0.8 4.2 -23.8 5.2 -0.11 0.77 0.34 3.2 4.62 -15.2 8.8 -0.05 0.18 0.87 
0.9 4.5 -23.6 5.8 -0.05 0.71 0.34 3.3 4.51 -16.3 8.7 -0.02 0.22 0.80 
1 5.1 -24.0 5.8 -0.04 0.72 0.32 3.4 3.69 -17.4 6.5 -0.20 0.45 0.75 
1.1 3.2 -24.1 5.4 -0.07 0.76 0.31 3.5 4.29 -19.1 4.7 -0.32 0.67 0.66 
1.2 3.5 -24.0 6.0 -0.02 0.71 0.31 3.6 3.85 -20.9 4.0 -0.34 0.78 0.55 
1.3 2.9 -24.8 6.7 0.08 0.67 0.25 3.7 3.12 -22.6 8.1 0.14 0.48 0.38 
1.4 3.7 -23.8 6.0 -0.04 0.70 0.33 3.8 3.57 -19.7 7.6 -0.01 0.43 0.58 
1.5 3.4 -23.8 6.1 -0.02 0.69 0.33 3.9 3.83 -23.7 8.5 0.22 0.48 0.30 
1.6 3.0 -24.7 8.2 0.23 0.53 0.24 4 4.18 -21.5 3.5 -0.37 0.85 0.51 
1.7 2.5 -24.7 6.5 0.05 0.68 0.26 4.1 2.53 -22.6 3.1 -0.37 0.92 0.44 
1.8 4.8 -24.4 10.4 0.44 0.33 0.23 4.2 4.75 -21.8 4.4 -0.26 0.78 0.48 
1.9 8.5 -24.1 10.1 0.40 0.34 0.26 4.3 1.85 -21.9 3.0 -0.40 0.91 0.49 
2 4.2 -24.5 7.7 0.17 0.57 0.26 4.4 3.67 -22.4 3.7 -0.31 0.86 0.45 
2.1 3.9 -23.3 8.1 0.17 0.50 0.33        
2.2 2.1 -23.3 5.7 -0.08 0.71 0.36        
2.3 3.8 -22.3 7.6 0.08 0.51 0.41               
 
Elemental and stable isotopic data measured from Core CLR2 sediments and calculated 
organic matter contribution from three-source mixing model, a= C3 SOM, b= lacustrine 














































0 3.8 -26.9 10.8 0.56 0.37 0.06 1.9 3.5 -26.5 10.4 0.52 0.39 0.09 
0.1 3.7 -27.8 10.7 0.59 0.41 0.00 2 3.0 -27.4 11.3 0.64 0.34 0.02 
0.2 3.1 -25.4 11.0 0.54 0.30 0.15 2.1 3.2 -27.3 11.1 0.61 0.36 0.03 
0.3 3.1 -26.5 9.5 0.42 0.48 0.10 2.2 3.5 -27.1 11.6 0.65 0.31 0.04 
0.4 3.0 -25.7 10.2 0.46 0.39 0.15 2.3 2.7 -27.1 11.7 0.67 0.29 0.03 
0.5 3.1 -26.5 10.3 0.51 0.40 0.09 2.4 3.1 -26.1 11.8 0.64 0.25 0.10 
0.6 3.3 -25.8 11.7 0.62 0.25 0.12 2.5 3.2 -26.2 12.5 0.71 0.20 0.08 
0.7 3.3 -25.8 10.9 0.54 0.33 0.13 2.6 3.9 -25.5 10.8 0.52 0.32 0.16 
0.8 3.4 -25.7 10.8 0.53 0.33 0.14 2.7 3.6 -25.9 11.1 0.56 0.31 0.12 
0.9 3.4 -27.2 11.6 0.66 0.31 0.03 2.8 3.9 -25.6 11.2 0.56 0.30 0.14 
1 3.2 -26.2 10.2 0.48 0.40 0.11 2.9 4.2 -26.3 10.9 0.56 0.34 0.10 
1.1 3.3 -25.4 10.0 0.43 0.39 0.17 3 3.5 -27.1 11.4 0.63 0.33 0.04 
1.2 3.5 -26.3 10.6 0.53 0.37 0.10 3.1 3.4 -26.4 12.0 0.67 0.25 0.08 
1.3 3.5 -26.8 10.5 0.54 0.39 0.07 3.2 3.0 -26.1 11.9 0.65 0.25 0.10 
1.4 3.2 -27.3 11.0 0.61 0.36 0.03        
1.5 3.5 -26.2 11.1 0.57 0.32 0.10        
1.6 3.5 -26.3 10.4 0.51 0.39 0.10        
1.7 3.7 -25.9 10.1 0.46 0.40 0.14        
1.8 3.5 -27.0 10.1 0.50 0.44 0.06               
 
Elemental and stable isotopic data measured from Core CLR3 sediments and calculated 
organic matter contribution from three-source mixing model, a= C3 SOM, b= lacustrine 
algae and c= C4 SOM. Data multiplied by 100 and discussed as ‘percent’ contribution in 
text. 
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APPENDIX D. SUPPLEMENTAL DATA TABLES AND POLLEN PLATES NOT 
IN TEXT (CHAPTER 5) 
 
Appendix D1. Calculated relative percentages of major and minor pollen from Core 
CLR1 sediments. Included in the table is the total raw count of determinables, taxa 
percent data, and summary percent data (arboreal/shrub, non-arboreal, and aquatics). The 
amount of indeterminable pollen grains are also included in the end of the table, but not 












































































































0 618 16.9 24.8 14.9 4.2 3.7 1.8 2.3 3.7 8.4 1.9 1.8 0.6 
0.2 367 13.5 19.0 13.2 7.1 1.4 2.2 2.7 4.7 22.0 0.5 1.6 0.5 
0.4 372 16.9 12.9 6.2 2.4 1.3 0.5 7.3 4.6 25.5 1.3 0.5 0.5 
0.6 365 19.3 10.5 7.4 5.8 1.1 3.9 21.5 6.9 5.2 0.6 1.4 0.0 
0.8 317 20.6 19.4 7.9 1.6 1.6 0.0 10.5 9.8 5.7 0.3 0.3 0.0 
1 355 12.0 9.4 4.6 6.3 0.9 5.4 17.7 8.0 15.1 1.7 0.9 0.0 
1.2 347 25.3 8.9 7.5 7.8 3.4 2.0 9.8 8.3 7.8 0.3 3.4 0.0 
1.4 379 21.5 14.9 4.8 5.3 1.9 4.2 10.6 10.3 10.9 1.9 1.1 0.5 
1.6 354 16.6 13.5 3.7 5.1 2.0 1.4 10.1 12.6 10.7 1.1 3.7 0.0 
1.8 394 16.9 12.8 6.9 7.2 2.1 4.9 6.7 9.0 11.8 1.8 1.5 0.3 
2 339 23.8 14.3 11.3 3.0 1.2 2.7 8.6 9.5 7.4 1.5 0.9 0.0 
2.2 372 17.5 14.6 8.4 4.9 2.4 5.1 9.2 9.4 8.4 2.7 0.5 0.3 
2.4 398 19.8 14.5 6.0 3.3 2.8 0.8 9.5 11.0 7.3 1.5 0.8 0.8 
2.6 309 19.0 16.1 11.3 9.7 0.3 1.6 10.0 6.5 8.1 4.5 1.9 0.0 
2.8 331 23.9 7.9 4.5 5.5 1.5 3.6 6.7 14.5 9.7 4.2 1.5 0.6 
2.9 353 19.8 14.7 19.5 6.2 2.5 0.0 0.0 2.5 9.1 2.0 1.1 1.4 
3 378 15.1 2.9 8.2 8.7 1.1 0.8 25.1 2.6 5.3 2.6 12.2 0.5 
3.2 359 10.3 8.4 5.8 7.5 0.0 0.8 11.4 7.2 16.7 3.9 4.2 1.4 
3.3 377 16.7 9.0 6.1 6.3 1.3 1.1 1.3 7.1 12.7 1.9 2.1 0.0 
3.4 312 15.8 11.0 2.6 6.8 1.3 0.3 11.0 18.4 8.4 3.2 1.3 0.6 
3.5 447 17.0 10.7 13.6 15.4 1.8 6.7 1.1 1.3 9.8 2.5 3.1 0.2 
3.7 324 15.9 1.2 8.0 12.2 0.3 0.9 32.4 4.6 6.7 1.8 0.6 0.0 
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0 0.0 0.0 0.6 6.2 1.0 0.0 0.2 0.6 0.2 0.6 0.5 0.2 0.0 
0.2 0.0 0.0 0.0 5.5 0.0 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 
0.4 0.3 0.0 1.9 8.9 0.8 0.3 0.0 0.3 0.0 0.0 0.5 0.0 0.0 
0.6 0.0 0.3 2.8 1.4 0.6 0.8 0.0 1.4 0.0 0.0 0.3 0.0 0.3 
0.8 2.2 0.0 2.2 4.1 1.9 0.0 0.3 0.3 0.0 0.0 0.6 0.0 0.3 
1 0.0 0.3 5.4 2.3 1.1 0.9 0.3 0.3 0.0 0.3 1.1 0.0 0.0 
1.2 0.0 0.3 1.7 3.7 0.0 0.0 1.7 0.3 0.0 0.0 0.3 0.0 0.3 
1.4 0.0 0.0 1.1 2.7 0.0 0.3 0.0 1.1 0.0 0.0 0.3 0.3 0.3 
1.6 0.0 0.0 1.4 5.9 0.8 0.0 0.6 1.7 0.0 0.0 0.3 0.0 0.0 
1.8 0.0 0.0 1.3 7.4 0.8 0.3 0.0 0.8 0.0 0.0 0.8 0.3 0.0 
2 0.0 0.3 4.2 3.9 0.0 0.9 0.0 0.9 0.0 0.0 0.0 0.0 0.0 
2.2 0.0 0.0 3.0 4.3 0.3 0.8 0.5 0.3 0.5 0.0 0.0 0.0 0.0 
2.4 0.0 0.0 2.3 3.0 1.0 0.8 2.0 1.0 0.0 0.3 1.5 0.0 0.0 
2.6 0.0 0.0 1.0 2.9 0.6 0.6 0.3 1.0 0.0 0.3 0.0 0.3 0.0 
2.8 0.3 0.3 3.0 4.5 0.3 0.6 0.0 0.9 0.0 0.9 0.0 0.3 0.0 
2.9 0.0 0.0 4.5 6.8 2.3 0.0 0.0 0.3 0.6 0.0 0.3 0.0 0.0 
3 0.0 0.0 3.7 1.1 0.0 0.5 0.3 1.9 0.0 0.5 0.0 1.1 0.3 
3.2 0.0 0.6 6.1 6.1 1.9 0.0 0.3 1.1 0.3 0.0 0.3 0.0 0.0 
3.3 0.0 0.0 11.9 7.1 0.3 0.8 0.0 0.3 0.0 0.0 0.0 0.8 0.5 
3.4 0.3 0.3 8.1 2.9 0.0 2.3 0.0 0.0 0.3 0.0 0.3 0.0 0.0 
3.5 0.0 0.4 4.5 7.4 0.2 0.0 0.0 0.7 0.2 0.0 0.4 0.0 0.0 
3.7 0.0 0.0 0.6 1.8 0.0 1.8 0.3 0.3 0.3 0.0 0.3 0.0 0.6 
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0 0.0 0.0 0.0 0.0 0.5 0.2 0.6 0.0 0.0 0.2 0.3 0.0 0.0 
0.2 0.0 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.3 0.0 0.0 0.0 
0.4 0.0 0.0 0.0 0.0 0.5 0.8 0.0 0.3 0.0 0.5 0.5 0.5 0.0 
0.6 0.0 0.0 0.0 0.0 0.0 1.1 0.3 0.8 0.6 0.3 0.0 0.0 0.0 
0.8 1.6 0.0 0.3 0.0 0.0 0.3 1.0 1.0 0.0 1.6 0.0 0.0 0.0 
1 0.0 0.3 0.0 0.0 0.6 0.0 0.6 0.3 1.4 0.0 0.3 0.0 0.0 
1.2 0.0 0.3 0.0 0.0 0.0 0.0 1.1 0.0 1.1 0.6 0.0 0.0 0.0 
1.4 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.3 0.5 0.5 0.0 0.0 0.0 
1.6 0.3 0.3 0.0 0.0 0.6 0.3 0.6 0.6 0.8 0.0 0.0 0.0 0.0 
1.8 0.0 0.0 0.0 0.3 1.0 0.3 0.5 0.3 0.3 0.3 0.0 0.0 0.0 
2 0.3 0.0 0.0 0.0 0.6 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.2 0.3 0.0 0.0 0.0 0.8 0.5 0.3 0.3 0.5 0.0 0.0 0.0 0.0 
2.4 1.3 0.0 0.0 0.0 1.3 0.8 0.0 0.8 0.8 0.5 0.0 0.0 0.0 
2.6 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 1.0 0.0 0.0 0.0 0.0 
2.8 0.0 0.0 0.0 0.0 0.6 0.0 0.3 0.3 0.0 0.0 0.3 0.0 0.0 
2.9 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.3 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.3 0.0 0.3 0.0 1.3 0.0 0.3 0.3 0.0 0.0 
3.2 0.3 0.0 0.0 0.3 0.0 0.6 0.3 0.6 0.6 0.8 0.3 0.6 0.6 
3.3 0.5 0.3 0.0 0.0 0.0 7.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
3.4 0.0 0.0 0.0 0.0 0.3 0.0 0.6 0.3 0.3 0.3 0.0 0.3 0.0 
3.5 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2 0.2 0.2 0.0 0.0 0.0 
3.7 0.0 0.0 0.0 0.0 0.0 0.3 0.9 0.6 1.2 0.6 0.3 0.0 0.3 
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0 0.0 0.0 0.0 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.2 0.0 0.0 0.5 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
0.4 0.3 0.3 0.5 0.0 0.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 
0.6 0.3 0.8 0.3 0.6 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
0.8 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 
1 0.0 0.0 0.3 0.3 0.0 0.0 1.1 0.0 0.0 0.3 0.3 0.0 0.0 
1.2 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0 
1.4 0.0 0.0 0.5 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.3 0.0 
1.6 0.0 0.0 0.6 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
1.8 0.3 0.0 0.5 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.3 0.0 0.0 
2 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
2.2 0.0 0.0 0.8 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.0 0.0 0.0 0.5 0.0 
2.6 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 
2.8 0.0 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 
3.2 0.0 0.0 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
3.3 0.0 0.0 0.5 0.3 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 
3.4 0.0 0.0 0.3 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.6 
3.5 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.7 0.0 0.0 1.2 0.9 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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0 0.3 0.2 0.0 0.0 78.0 21.9 0.2 
0.2 0.5 0.0 0.0 0.0 68.1 31.7 0.3 
0.4 0.5 0.8 0.0 0.0 57.0 43.0 0.0 
0.6 1.1 1.1 0.6 0.0 82.7 16.6 0.8 
0.8 0.6 0.3 0.6 0.0 80.4 19.0 0.6 
1 0.9 0.6 0.0 0.0 68.7 29.9 2.0 
1.2 1.4 0.0 0.0 0.6 79.0 20.3 0.9 
1.4 0.3 0.3 0.0 0.0 78.9 20.3 1.1 
1.6 1.7 0.0 0.0 0.0 73.4 26.3 0.3 
1.8 0.3 0.3 0.0 0.0 72.1 27.0 1.3 
2 0.3 0.0 0.3 1.2 77.6 21.7 0.9 
2.2 1.1 0.0 0.0 0.0 76.9 22.7 0.5 
2.4 0.3 0.3 0.0 1.0 80.2 19.6 0.3 
2.6 0.3 0.0 0.0 0.3 78.3 21.4 0.3 
2.8 0.3 0.0 0.0 0.0 73.4 26.6 0.0 
2.9 0.6 0.3 0.0 0.0 72.0 28.0 0.0 
3 1.1 0.0 0.0 0.3 71.2 28.8 0.0 
3.2 0.3 0.0 0.0 0.0 58.5 41.5 0.0 
3.3 0.3 0.8 0.0 0.0 61.0 38.8 0.3 
3.4 0.3 0.3 0.0 0.0 69.9 29.4 1.0 
3.5 0.0 0.0 0.0 0.0 71.4 28.6 0.0 
3.7 0.3 1.2 0.3 0.3 81.5 18.5 0.0 
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0 144 0.0 2.6 1.6 7.1 12.0 
0.2 74 0.0 1.9 3.3 2.2 12.9 
0.4 59 0.8 3.0 2.2 2.4 7.5 
0.6 42 0.0 2.5 1.6 1.9 5.5 
0.8 25 0.3 1.6 1.3 0.0 4.7 
1 26 1.1 0.6 1.1 1.7 2.8 
1.2 61 0.0 1.7 0.9 5.1 9.7 
1.4 67 0.8 2.1 3.9 0.8 10.0 
1.6 48 0.0 2.0 2.8 3.9 4.8 
1.8 65 0.0 1.3 2.3 4.8 8.1 
2 48 1.2 0.6 1.2 4.4 6.8 
2.2 46 0.3 1.3 0.5 2.9 7.2 
2.4 59 0.2 1.2 0.7 6.7 5.7 
2.6 110 0.0 0.3 1.3 26.0 7.7 
2.8 60 0.3 3.3 1.5 4.5 8.5 
2.9 45 2.5 1.4 1.7 1.7 5.4 
3 60 0.0 0.3 1.1 3.4 11.1 
3.2 82 0.3 2.2 1.6 7.4 10.9 
3.3 26 0.3 1.6 1.1 0.3 3.8 
3.4 62 0.6 4.2 0.6 3.8 10.5 
3.5 29 0.2 0.4 0.7 0.7 4.5 
3.7 81 0.0 1.5 3.1 8.0 12.2 
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Appendix D2. Data used to calculate pollen concentration values, Core CLR1. Number of 
Lycopodium (tracer) spores added and counted, number of pollen grains counted, and 
calculated pollen concentration values for each sample. Calculated pollen concentration 
displayed is multiplied by 100 for value. 
 
Depth, m 









0 25084 21 618 7382 
0.2 25084 51 365 1795 
0.4 25084 144 372 648 
0.6 25084 48 366 1913 
0.8 25084 48 317 1657 
1 25084 57 358 1575 
1.2 25084 26 351 3386 
1.4 25084 19 381 5030 
1.6 25084 12 357 7462 
1.8 25084 34 395 2914 
2 25084 49 339 1735 
2.2 25084 33 373 2835 
2.4 25084 13 401 7737 
2.6 25084 64 311 1219 
2.8 25084 44 330 1881 
2.9 25084 4 353 22137 
3 25084 41 378 2313 
3.2 25084 73 367 1261 
3.3 25084 5 373 18713 
3.4 25084 166 313 473 
3.5 25084 104 448 1081 
3.7 25084 40 327 2051 
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Appendix D3. Calculated relative percentages of major and minor pollen from Core 
CLR2 sediments. Included in the table is the total raw count of determinables, taxa 













































































































0 230 25.2 12.2 6.5 6.5 1.3 0.0 3.0 10.9 7.8 0.9 4.3 0.9 
0.3 574 19.2 9.4 8.7 10.5 2.1 2.3 13.4 2.6 13.6 0.0 2.3 0.2 
0.4 442 18.3 14.7 7.2 14.3 2.7 1.8 4.1 2.7 13.8 0.9 3.6 0.0 
0.6 280 23.2 16.4 12.9 11.8 3.2 1.4 1.1 0.7 13.6 0.0 4.6 0.7 
1.8 312 22.1 3.2 12.2 15.4 2.2 0.0 5.1 5.4 10.6 1.3 6.4 0.6 
2.3 51 45.1 2.0 9.8 11.8 0.0 0.0 0.0 0.0 9.8 3.9 2.0 0.0 
3 16 50.0 0.0 18.8 6.3 0.0 0.0 12.5 0.0 6.3 0.0 0.0 6.3 
3.8 518 19.9 21.0 13.7 9.5 2.7 0.2 1.4 2.3 11.2 1.4 2.7 0.0 
4 5 40.0 0.0 20.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 






























































































0 0.0 0.7 8.6 0.7 0.7 0.4 0.0 0.0 0.4 0.0 0.0 0.7 1.1 
0.3 0.3 0.3 6.3 0.3 1.5 0.3 0.6 0.3 0.9 0.0 0.3 0.0 0.0 
0.4 0.0 0.6 6.3 1.3 1.6 0.0 0.0 0.0 0.3 0.0 0.0 0.6 1.3 
0.6 0.0 1.6 2.9 0.5 2.1 0.3 0.0 0.0 0.0 0.0 0.0 0.3 0.0 
1.8 0.0 2.3 1.7 0.0 1.1 0.3 0.0 0.0 0.3 0.6 0.0 0.3 0.8 
2.3 0.0 0.6 5.0 0.8 0.6 1.9 0.2 0.0 0.0 0.8 0.0 0.0 0.8 
3.0 0.0 0.9 5.0 0.3 2.1 0.6 0.3 0.0 0.0 0.0 0.0 0.0 0.6 
3.8 0.0 0.3 4.0 0.8 0.3 0.3 0.0 0.0 0.8 0.0 0.0 0.8 0.5 
4.0 0.0 0.0 0.0 0.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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0 0.0 0.0 0.0 0.0 0.0 75.5 23.2 1.3 
0.3 0.6 0.6 0.6 0.0 0.0 75.3 24.7 0.0 
0.4 0.0 0.3 0.6 0.0 0.0 72.3 27.3 0.5 
0.6 0.5 0.0 0.5 0.5 0.0 77.9 22.1 0.0 
1.8 0.3 0.8 0.0 0.8 0.0 69.8 29.2 1.0 
2.3 0.4 0.0 0.0 0.4 0.8 71.2 26.9 1.9 
3.0 0.6 0.0 0.3 1.2 0.0 87.5 12.5 0.0 
3.8 0.3 0.8 0.5 0.0 0.0 77.7 21.9 0.4 
4.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 
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Appendix D4. Data used to calculate pollen concentration values, Core CLR2. Number of 
Lycopodium (tracer) spores added and counted, number of pollen grains counted, and 
calculated pollen concentration values for each sample. Calculated pollen concentration 
displayed is multiplied by 100 for value. 
 
Depth, m 









0 12542 4 233 7306 
0.3 12542 6 569 11894 
0.4 12542 2 443 27781 
0.6 12542 8 278 4358 
1.8 12542 37 314 1064 
2.3 12542 109 52 60 
3 12542 188 16 11 
3.8 25084 236 519 552 
4 12542 363 5 2 
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Appendix D5. Calculated relative percentages of major and minor pollen from Core 
CLR3 sediments. Included in the table is the total raw count of determinables, taxa 
percent data, and summary percent data (arboreal/shrub, non-arboreal, and aquatics). The 
amount of indeterminable pollen grains are also included in the end of the table, but not 












































































































0 274 19.1 22.5 12.7 4.9 1.9 0.7 2.2 6.0 7.5 1.1 3.0 0.0 
0.2 339 22.7 20.6 8.7 5.4 2.1 0.9 2.1 9.3 9.6 0.3 0.9 0.3 
0.4 319 15.2 22.5 9.8 5.7 3.5 1.3 7.9 2.9 9.2 0.6 1.3 0.0 
0.6 373 15.8 22.0 13.7 5.6 0.3 0.5 11.5 6.4 9.4 2.4 0.3 0.0 
0.8 359 25.8 14.7 11.9 4.8 1.4 3.7 12.5 6.5 3.7 1.7 2.0 0.0 
0.9 464 30.4 14.7 14.9 4.8 2.1 1.7 4.6 6.3 3.8 0.4 0.8 0.0 
1 342 18.9 13.0 9.2 7.7 2.4 1.2 14.8 5.6 8.0 1.5 0.0 0.0 
1.1 389 20.1 25.1 10.3 5.0 3.0 1.3 3.0 7.3 6.5 5.0 2.3 0.0 
1.2 300 25.7 14.5 7.1 10.5 2.0 3.4 5.1 8.8 9.1 1.0 2.0 0.0 
1.3 484 19.0 19.4 10.0 4.5 2.9 1.0 1.2 10.2 11.5 3.3 1.2 0.0 
1.4 358 20.3 24.0 10.5 4.5 3.4 3.4 5.1 6.2 6.2 0.0 0.8 0.0 
1.5 431 24.0 17.0 8.2 7.3 3.2 1.4 5.7 5.4 8.2 5.2 1.8 0.5 
1.6 301 25.9 16.6 6.6 7.6 2.7 2.3 9.6 8.0 7.0 1.0 2.3 0.3 
1.7 508 25.0 14.6 8.0 9.9 5.3 1.0 3.7 8.2 8.8 0.6 0.6 0.0 
1.8 110 22.4 20.5 10.6 5.3 3.1 2.5 6.2 4.3 9.3 0.6 1.2 0.0 
1.9 496 24.3 19.9 8.6 8.0 4.4 1.6 5.0 5.6 10.2 0.4 2.0 0.2 
2 337 27.6 14.8 6.8 6.8 1.8 3.0 7.1 11.3 7.4 1.2 0.9 0.0 
2.1 503 22.7 16.4 7.1 7.5 2.2 1.8 2.6 10.7 12.8 1.0 1.0 1.0 
2.2 321 22.7 11.2 6.9 7.8 2.8 4.4 5.9 12.5 13.1 1.6 1.9 0.0 
2.3 986 21.2 14.2 6.6 7.5 2.2 1.2 4.7 11.1 13.9 1.9 2.2 0.1 
2.4 321 20.1 12.9 6.3 7.5 1.3 5.3 10.0 12.5 4.7 1.9 4.7 0.6 
2.5 657 15.8 13.4 4.6 8.5 3.1 1.9 7.0 11.0 17.6 2.2 1.5 0.1 
2.6 316 22.2 9.2 7.0 7.3 1.6 3.5 9.8 13.0 10.4 2.5 1.9 0.0 
2.7 555 21.6 16.8 16.3 5.7 2.8 0.7 5.7 5.3 10.8 1.2 0.4 0.2 
2.8 323 20.5 18.0 10.2 5.0 4.0 4.3 7.5 4.3 10.9 0.3 5.3 0.6 
2.9 543 17.5 17.3 9.5 7.8 1.3 0.9 5.8 7.1 10.6 2.2 2.7 0.0 
3 367 21.6 13.1 12.0 11.2 2.7 1.1 10.4 6.8 7.7 0.5 4.1 0.0 
3.1 616 21.0 14.4 10.6 12.4 1.6 1.1 7.4 4.2 11.9 2.7 1.6 0.5 
3.2 400 8.8 9.5 11.0 8.8 2.8 2.5 11.0 11.3 13.8 1.3 4.8 0.3 
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0 0.0 0.0 0.7 8.6 3.0 0.4 0.7 0.7 0.4 0.0 0.0 0.0 0.4 
0.2 0.3 0.0 0.3 6.3 0.9 0.3 0.3 1.5 0.3 0.6 0.3 0.3 0.9 
0.4 0.0 0.0 0.6 6.3 2.9 0.3 1.3 1.6 0.0 0.0 0.3 0.0 0.3 
0.6 0.0 0.0 1.6 2.9 0.3 0.0 0.5 2.1 0.3 0.0 0.0 0.0 0.0 
0.8 0.0 0.0 2.3 1.7 0.3 0.6 0.0 1.1 0.3 0.0 0.6 0.0 0.3 
0.9 0.0 0.2 0.6 5.0 1.0 0.0 0.8 0.6 1.9 0.2 1.0 0.0 0.0 
1 0.0 0.3 0.9 5.0 1.2 0.9 0.3 2.1 0.6 0.3 0.3 0.0 0.0 
1.1 0.0 0.0 0.3 4.0 0.5 0.0 0.8 0.3 0.3 0.0 0.5 0.0 0.8 
1.2 0.0 0.0 0.3 1.4 2.4 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 
1.3 0.0 0.0 0.6 9.0 0.0 0.2 1.2 0.0 1.4 0.0 0.2 0.2 0.4 
1.4 0.0 0.0 0.3 5.6 1.1 0.3 1.1 0.0 0.0 0.6 0.0 1.1 0.3 
1.5 0.5 0.0 1.4 2.7 0.0 0.0 1.1 0.5 0.7 0.0 0.0 0.0 0.7 
1.6 0.0 0.0 0.7 2.0 1.3 0.3 0.0 0.3 0.0 0.0 0.0 0.7 0.0 
1.7 0.0 0.0 1.2 6.0 1.0 0.2 0.4 0.0 0.4 0.0 0.0 1.0 0.2 
1.8 0.3 0.3 2.5 2.5 0.0 0.0 0.0 1.9 0.0 0.6 0.0 0.0 0.3 
1.9 0.2 0.2 0.0 6.0 0.2 0.0 0.0 0.0 0.6 0.0 0.0 0.2 0.4 
2 0.0 0.0 0.6 4.5 0.0 0.6 0.0 0.3 0.3 0.0 0.6 0.0 0.0 
2.1 0.0 0.2 0.2 8.7 0.6 0.0 0.4 0.0 0.2 0.2 0.0 0.2 0.2 
2.2 0.0 0.6 0.0 4.0 0.0 0.3 0.0 1.2 0.0 0.3 0.0 0.0 0.0 
2.3 0.0 0.0 0.7 7.7 0.3 0.0 0.5 0.5 0.3 0.1 0.1 0.2 0.2 
2.4 0.0 0.0 1.3 2.5 0.3 0.9 0.3 0.6 0.3 0.9 0.0 0.3 0.0 
2.5 0.0 0.0 0.4 6.6 0.3 0.1 0.4 1.2 0.0 0.0 0.0 0.1 0.0 
2.6 0.0 0.0 0.0 3.5 0.9 0.0 0.0 0.0 0.0 1.6 0.6 0.0 0.0 
2.7 0.0 0.2 1.1 6.6 0.0 0.2 0.2 1.2 0.0 0.4 0.0 0.4 0.2 
2.8 0.0 0.0 0.6 4.0 0.0 0.9 0.6 0.0 0.0 0.0 0.3 0.0 0.0 
2.9 0.0 0.0 1.8 9.3 0.4 0.0 0.5 0.2 0.2 0.0 0.2 0.2 0.2 
3 0.3 0.0 3.0 1.1 0.0 0.5 0.3 0.0 0.0 0.3 0.0 0.3 0.0 
3.1 0.0 0.0 0.6 4.8 0.3 0.0 0.0 0.8 1.4 0.0 0.2 0.0 0.2 
3.2 0.0 0.0 1.8 3.0 0.8 0.8 0.3 1.0 0.0 0.0 0.3 0.3 0.0 
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0 0.0 0.0 0.0 0.0 0.7 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.6 0.6 0.0 0.6 0.0 0.0 0.0 
0.4 0.0 0.0 0.0 0.0 0.6 1.3 0.0 0.3 0.6 0.6 0.0 0.0 0.0 
0.6 0.0 0.0 0.0 0.0 0.3 0.0 0.5 0.0 0.5 0.5 0.5 0.0 0.0 
0.8 0.6 0.0 0.0 0.0 0.3 0.8 0.3 0.8 0.0 0.0 0.8 0.0 0.0 
0.9 0.8 0.0 0.0 0.0 0.0 0.8 0.4 0.0 0.0 0.0 0.4 0.0 0.0 
1 0.0 0.0 0.3 0.0 0.0 0.6 0.6 0.0 0.0 0.3 1.2 0.3 0.0 
1.1 0.0 0.0 0.0 0.0 0.8 0.5 0.3 0.8 0.0 0.5 0.0 0.0 0.0 
1.2 0.0 0.0 0.0 0.0 0.7 0.7 0.3 0.3 0.0 0.7 0.0 0.0 0.3 
1.3 0.4 0.0 0.0 0.0 0.4 0.4 0.2 0.2 0.0 0.2 0.0 0.0 0.0 
1.4 0.0 0.0 0.0 0.3 0.8 1.1 0.3 0.6 0.0 0.3 0.0 0.0 0.0 
1.5 0.0 1.1 0.2 0.0 0.7 0.7 0.2 0.2 0.0 0.2 0.0 0.0 0.0 
1.6 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.3 0.0 0.7 
1.7 0.0 0.2 0.0 0.0 0.2 1.0 0.2 0.6 0.0 0.0 0.4 0.0 0.0 
1.8 0.3 0.0 0.0 0.0 0.3 0.0 1.6 0.6 0.0 0.0 0.6 0.0 0.0 
1.9 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.2 0.0 0.0 0.2 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.3 0.9 0.6 0.6 0.0 0.3 0.3 0.0 0.3 
2.1 0.4 0.0 0.0 0.0 0.2 0.0 0.2 0.4 0.0 0.0 0.0 0.0 0.0 
2.2 0.0 0.0 0.0 0.0 0.3 0.3 0.3 0.0 0.0 0.0 0.3 0.0 0.6 
2.3 0.0 0.1 0.0 0.0 0.4 0.6 0.1 0.3 0.0 0.0 0.1 0.0 0.0 
2.4 0.3 0.0 0.0 0.0 0.6 1.6 0.3 0.3 0.0 0.3 0.0 0.0 0.3 
2.5 0.4 0.1 0.0 0.0 0.4 0.9 0.1 0.3 0.0 0.0 0.0 0.0 0.0 
2.6 0.6 0.0 0.0 0.0 0.3 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.9 
2.7 0.0 0.0 0.0 0.0 0.4 0.0 0.5 0.4 0.0 0.0 0.0 0.0 0.0 
2.8 0.0 0.0 0.0 0.0 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.9 0.0 0.0 0.0 0.0 0.2 0.5 0.0 0.5 0.0 0.7 0.2 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.8 0.0 0.5 0.3 0.0 0.0 0.3 0.0 0.0 
3.1 0.0 0.0 0.0 0.0 0.2 0.6 0.0 0.2 0.0 0.3 0.0 0.0 0.0 
3.2 0.0 0.0 0.0 0.0 1.0 2.0 0.5 0.3 0.0 0.3 0.3 0.3 0.0 
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0 0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.7 0.4 0.0 0.0 0.0 
0.2 0.0 0.0 0.0 0.0 0.3 0.9 0.3 0.3 0.0 0.0 0.0 0.0 0.0 
0.4 0.0 0.0 0.0 0.0 0.3 0.0 0.3 0.0 1.0 0.3 0.3 0.0 0.3 
0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.3 0.3 0.0 0.0 0.0 
0.8 0.0 0.3 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.9 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.0 
1 0.0 0.0 0.0 0.0 0.9 0.0 0.3 0.0 0.0 0.3 0.0 0.0 0.0 
1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.3 0.0 0.0 
1.2 0.0 0.0 0.0 0.0 0.3 0.0 0.7 0.0 0.3 0.0 0.0 0.0 0.0 
1.3 0.0 0.0 0.2 0.0 0.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.4 0.0 0.6 0.0 0.3 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 
1.5 0.0 0.0 0.2 0.0 0.0 0.2 0.0 0.5 0.0 0.0 0.0 0.0 0.0 
1.6 0.3 0.0 0.0 0.0 0.3 0.0 0.3 0.3 0.3 0.7 0.0 0.0 0.0 
1.7 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.2 0.2 0.0 0.0 0.4 0.0 
1.8 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
1.9 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.6 0.3 0.6 0.0 0.0 0.0 0.0 0.0 0.0 
2.1 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.6 0.0 0.0 0.0 0.0 0.0 
2.2 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
2.3 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.3 0.1 0.0 0.0 0.0 0.0 
2.4 0.0 0.6 0.0 0.0 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.5 0.0 0.0 0.0 0.0 0.1 0.6 0.0 0.3 0.1 0.0 0.0 0.0 0.0 
2.6 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.7 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.8 0.0 0.0 0.0 0.0 0.9 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 
2.9 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.2 0.2 0.2 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.1 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.2 0.0 0.5 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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0 0.0 0.0 0.0 0.0 0.0 72.3 26.3 1.5 
0.2 1.2 0.0 0.0 0.3 0.0 77.0 22.4 0.6 
0.4 0.3 0.0 0.3 0.0 0.0 74.9 24.8 0.3 
0.6 0.5 0.0 0.0 0.0 0.0 81.2 18.8 0.0 
0.8 0.3 0.0 0.0 0.0 0.0 86.1 12.3 1.7 
0.9 0.0 0.0 0.0 0.0 0.0 89.9 13.4 0.9 
1 2.1 0.0 0.0 0.0 0.0 78.7 20.8 0.6 
1.1 0.0 0.3 0.0 0.0 0.0 82.3 20.6 0.0 
1.2 1.7 0.0 0.0 0.0 0.0 79.7 20.0 0.3 
1.3 0.0 0.0 0.0 0.0 0.0 74.6 26.7 0.4 
1.4 0.6 0.0 0.0 0.0 0.0 83.8 15.9 0.3 
1.5 0.2 0.0 0.0 0.0 0.2 80.5 23.0 0.0 
1.6 0.3 0.0 0.0 0.0 0.3 82.7 17.3 0.0 
1.7 0.6 0.2 0.0 0.0 0.0 80.9 20.1 0.2 
1.8 0.9 0.0 0.0 0.0 0.0 83.6 16.4 0.0 
1.9 0.6 0.2 0.0 0.0 0.0 80.2 21.0 0.2 
2 0.3 0.0 0.0 0.0 0.0 83.7 16.3 0.0 
2.1 0.4 0.0 0.0 0.0 0.0 73.8 26.8 0.0 
2.2 0.3 0.0 0.0 0.0 0.0 77.6 22.4 0.0 
2.3 0.3 0.0 0.0 0.0 0.0 72.3 28.2 0.1 
2.4 0.0 0.0 0.0 0.0 0.0 82.2 17.1 0.6 
2.5 0.1 0.3 0.0 0.0 0.0 71.1 31.7 0.3 
2.6 0.9 0.3 0.0 0.0 0.0 78.8 21.2 0.0 
2.7 0.2 0.5 0.0 0.0 0.0 79.8 22.3 0.0 
2.8 0.3 0.0 0.0 0.0 0.0 75.9 23.8 0.3 
2.9 0.5 0.4 0.0 0.0 0.0 71.6 30.0 0.2 
3 0.8 0.3 0.0 0.0 0.0 81.5 18.5 0.0 
3.1 0.3 0.5 0.0 0.0 0.0 77.4 25.3 0.2 
3.2 0.8 0.3 0.0 0.3 0.0 72.3 27.5 0.3 
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0 106 0.0 3.3 5.1 13.5 16.8 
0.2 43 0.0 1.5 1.2 3.5 6.5 
0.4 58 0.0 3.1 2.2 6.6 6.3 
0.6 42 1.3 0.8 0.5 5.1 3.5 
0.8 51 0.0 1.1 0.8 4.7 7.5 
0.9 44 0.2 1.7 1.3 0.9 5.4 
1 31 0.0 0.3 0.9 4.7 3.2 
1.1 34 0.5 1.0 0.8 0.5 5.9 
1.2 34 0.0 0.3 1.3 6.0 3.7 
1.3 36 0.2 1.0 0.0 0.8 5.4 
1.4 63 0.0 1.7 3.1 4.5 8.4 
1.5 24 0.0 0.2 0.7 0.5 4.2 
1.6 28 0.0 0.3 1.3 4.3 3.3 
1.7 38 0.0 2.0 0.0 0.4 5.1 
1.8 36 0.0 1.8 2.7 19.1 9.1 
1.9 23 0.2 1.6 0.4 0.8 1.6 
2 19 0.0 1.5 0.9 0.3 3.0 
2.1 36 0.0 0.6 0.4 0.6 5.6 
2.2 46 0.0 2.8 3.1 4.4 4.0 
2.3 32 0.2 1.0 0.2 0.3 1.5 
2.4 23 0.9 0.0 1.6 0.6 4.0 
2.5 66 0.6 2.4 2.1 1.1 3.8 
2.6 35 0.3 1.6 2.8 0.9 5.4 
2.7 50 0.4 1.8 1.4 0.7 4.7 
2.8 56 0.6 2.5 0.9 8.4 5.0 
2.9 69 0.7 2.0 3.1 0.4 6.4 
3 40 0.0 0.3 3.0 5.2 2.5 
3.1 46 0.0 2.4 1.9 0.2 2.9 
3.2 30 0.0 0.8 1.8 2.5 2.5 
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Appendix D6. Data used to calculate pollen concentration values, Core CLR3. Number of 
Lycopodium (tracer) spores added and counted, number of pollen grains counted, and 
calculated pollen concentration values for each sample. Calculated pollen concentration 
given is multiplied by 100 for value. 
 
Depth, m 









0 25084 20 270 3386 
0.2 25084 30 337 2818 
0.4 25084 44 318 1813 
0.6 25084 90 373 1040 
0.8 25084 47 353 1884 
1 25084 74 340 1153 
1.2 25084 28 299 2679 
1.4 25084 18 357 4975 
1.6 25084 78 301 968 
1.8 25084 115 324 707 
2 25084 39 337 2168 
2.2 25084 42 321 1917 
2.4 25084 60 319 1334 
2.6 25084 31 316 2557 
2.8 25084 73 322 1106 
3 25084 79 367 1165 
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